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STRUCTURE AND OIL AND GAS RESOURCES OF THE
OSAGE RESERVATION, OKLAHOMA.

INTRODUCTION.
By Davip WHITE.

Purpose of this report.—Responding to the imperative need for in-
creasing to the utmost the petroleum supply of the United States,
the Geological Survey, since we entered the war, has largely concen-
trated its investigations of oil fields in the most promising unde-
veloped territory, such as Wyoming and the midcontinent-Texas re-
gion, and especially in the Osage Reservation in Oklahoma.

The Osage Reservation demands particular attention at this time
because (1) it contains a great acreage of unleased oil lands; (2) the
productivity of the developed areas is high and well sustained; (3)
anticlines and domes.are numerous in the greater part of the area,
and the development and tests indicate that most of the structurally
favorable folds will yield oil; (4) the oil is of paraffin grade, mainly
35° to 36° Baumé, yielding about 23 per cent of gasoline in present
practice but capable of producing over 50 per cent by the best
methods; (5) pipe lines and refineries are already at hand; and (6)
the Office of Indian Affairs, which administers the lands, held in
common by the Osage Indians, is offering leases of hundreds of quar-
ter sections to openly competitive bidders on advertised dates.

Between May 30, 1917, and May 19, 1918, four auctions of leases
were held, offering 9,280 acres May 31, 1917, 20,000 acres November
12, 1917, 32,160 acres February 14, 1918, and 51,360 acres May 18,
1918. About 1,160,000 acres remain (August, 1918) to be leased.

A review of the bonuses paid shows a most regrettable lack of in-
formation as to the relative values of the tracts on the part of some
of the bidders and suggests that many of them had little if any geo-
logic guidance. Although some of the oil operators had examinations
made by geologists for their exclusive benefit, many tracts in which
the structure is favorable to the occurrence of oil were neglected or
wholly disregarded, and large bonuses were paid for other tracts that
will probably never yield oil in commercial quantities. These facts

1X



X OIL ANT OAS RESOURCES OF OSAGE RESERVATION, OKLA.

are all the more unfortunate because the leases made at the last three
sales require drilling within nine months after the date of approval
of the lease. Dry holes will be drilled, even when located in ac-
cordance with the best geologic information obtainable, but they will
be fewer, especially in regions like this, where the oil and gas, if
present, are as a rule found in anticlines and domes. ‘The loss of the
driller in bonuses, labor, equipment, supplies, and transportation and
even his loss of time and opportunity through fruitless boring in an
area of distinctly unfavorable structure constitute an economic waste
that affects the military efficiency of the Nation.

This report is therefore issued to supply an evident need for
geologic information regarding the Osage lands. In the separate
papers the most practical and immediately available conclusions
reached by the geologists as to the structure and oil prospects in the
townships already examined are published for the immediate use
of the oil man. In preparing these papers the geologists have de-
parted somewhat from the more formal and comprehensive style char-
acteristic of the reports of the Survey, in order to put the data into
the hands of the public at the earliest possible moment. Important
studies, such as those of water relations or of the continuity and
porosity of the sands—features that strongly affect and may even
nearly neutralize the influence of the geologic structure in controlling
the distribution of oil and gas—require considerable time and are
therefore necessarily postponed for incorporation in the more detailed
reports to follow.

Field examinations.—The field investigations in the Osage Reser-
vation were conducted with the cooperation of the Office of Indian
Affairs and of the commissioner for the Osage Indians. The exami-
nations, which have been carried on for over a year by K. C. Heald,
who has had immediate charge of the work, and by the geologists
who were associated with him, were interrupted in order that the
office work of preparing the township maps and descriptions might
be completed, but some of the geologists are now (July, 1918) still
in the field. The field work, which included plane-table mapping
with telescopic alidade under many hardships in addition to those
of the severe winter, was carried forward with splendid teamwork .
and with gallant and indefatigable emulation. In recording his ad-
miration for the esprit and high standard of this war work, done
by geologists in professional civil service, the ‘writer believes he ex-
presses the appreciation not only of the Geological Survey but of the
oil operators as well.

General features of the region—The geographic position of the
Osage Reservation, which forms Osage County in northeastern Okla-
homa, is shown in Plate I, which also shows the distribution of the
principal known oil and gas fields in the State. The reservation, or
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INTRODUCTION. X1

“Nation,” as it is commonly called in the region, lies in the heart of
the Mid-Continent oil field. It has fair railway facilities, but its
wagon roads lack much in number and quality. - Three pipe lines ex-
tend to Mississippi River and eastern refineries; four carry Osage
oil to Gulf ports.

Wooded ridges, mostly capped by sandstones, characterize the
“east side "—that part of the reservation east of R. 7 E.—especially
in the southeastern portion. Much of the “ west side,” very little of
which is yet leased for oil, is open rolling prairie, now cattle range,
with a rather deeply incised dendritic drainage system cutting bluff-
forming limestones. The valleys of the larger creeks are broad, cov-
ered with alluvium, and fertile. On the west the bottom lands along
Arkansas River are several miles broad, heavily wooded, and in
places covered with sand dunes.

All of the Osage Reservation is underlain by strata of Pennsyl-
vanian age, which in the northwest corner are covered by the Per-
mian. (See Pl. I.) The Pennsylvanian beds, as will be fully noted
in the township descriptions, consist of shales, sandstones, and lime-
stones. The limestones occur in the northeastern part of the reser-
vation, but they are most prominent in the uppermost Pennsylvanian
and in the Permian on the “ west side ”’; the sandstones are more con-
spicuous in the central and eastern wooded ridge country, where
many of them are local and lenticular. All the limestones tend to
lose their distinctive character as they extend southward from the
Kansas line, so that many of them can not be identified in the south-
ern part of the reservation. The number of red beds increases in the
same direction. In northern Oklahoma the Pennsylvanian thickens
toward the south by the expansion of some of its formations and
especially by the introduction of lower strata, due to the northward
extension of the Pennsylvanian sea into the Mid-Continent embay-
ment. The latter circumstance accounts for the presence of many
lower sands that are difficult to correlate in the drill logs, but the
thickening is not marked in the Osage Reservation, where all the
basal Pennsylvanian sands (mostly known as Bartlesville) are of
Cherokee age.

In most of the region rock outcrops are reasonably good, but the
determination of the underground structure, through the examina-
tion of the exposed formations, is very difficult and even impossible
in certain areas, especially in the east-central and southern parts of
the region, on account of the disappearance of some of the limestones,
the irregularity in the sandstones, and the concealment of many of
the intervening strata by valley wash and alluvium.

Geologic structure.—The strata in the Osage Reservation have a
general westerly dip that averages about 30 feet to the mile. Actually



X1 OIL AND GAS RESOURCES OF OSAGE RESERVATION, OKLA.

the beds are bent or folded, particularly in the eastern and southern
areas, into many relatively small, shallow depressions and low eleva-
tions that vary greatly in form and size and apparently have little
regularity or system of arrangement. Most of these buckles or folds
are not long enough in proportion to their width and are not suffi-
ciently parallel to be described as “ waves ” in the beds, as will be seen
by a glance at the maps.

The folding or bending of the beds is more marked on the “east
side” than throughout most of the “ west side” except in the south-
east corner. In fact, well-developed folds are comparatively few on
the “ west side ” and largely on this account it is probably far less im-
portant as a source of petroleum than the “east side.” The increas-
ing depth to the lower sands toward the west further detracts from
the relative value of the “ west side.” The southeastern portion of
that side will probably be found to be the best oil territory.

The faults in this region are, in general, few and of relatively slight
displacement. They offer evidence of torsional stresses, mainly from
the southeast. It is probable that most of them affect but little the
amount of oil in the anticlines or domes.

Additional and more detailed information as to the general char-
acter of the country and its geologic features will be found in the
reports by Mr. Heald on the Foraker and Pawhuska quadrangles?
and in the valuable report on petroleum and natural gas in Okla-
homa published by the State Geological Survey.?

The unit area treated in the following papers 1s the township,
which, to permit greater detail in the delineation of key rocks and
structure and greater accuracy in the location of the wells, is mapped
(without topographic contours) on the scale of approximately 2
inches to the mile. The stratigraphic descriptions are confined
mainly to the exposed key rocks, their intervals, convergence, etc.,
and the known or expected oil sands. The key rocks used in deter-
mining the structure in the township are shown only by lines mark-
ing the outcrop of the particular horizon—the base, the top, or a
characteristic and easily recognized layer—used as the datum plane.

Use of structure contours.—The structural features—that is, the
domes, anticlines (upward folds), synclines (downward folds), and
folds of other types and the faults—are shown on the maps by
“structure contours.” Each contour represents an imaginary line
on the surface of an inclined rock stratum, connecting all points of
that surface that have the same elevation. This elevation is noted

1 Heald, K. C., The oll and gas geology of the Foraker quadrangle, Osage County, Okla.:
U. 8. Geol. Survey Bull. 641, pp. 17-47, 1917 ; Geologic structure of the northwestern part
of the Pawhuska quadrangle, Okla.: U. S. Geol. S8urvey Bull. 691, pp. 57-100, 1918 (Bull.
691-C).

? Petroleum and natural gas In Oklahoma : Oklahoma Geol. Survey Bull. 19, 2 pts,, 1817,
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in terms of distance above or below some assumed datum—for exam-
ple. sea level.

If the rock stratum could be stripped bare and one were to walk
along the path indicated by a contour line, he would go neither up-
hill nor down. The difference in elevation indicated by any two suc-
ceeding contour lines is uniform. Thus the successive contour lines
may represent distances of 10, 20, 30, 40 feet, etc., above or below the
datum plane, and the difference in elevation (in this case 10 feet)
marked by adjacent contour lines is the “ contour interval.” Where
the contour lines are close together the slope of the contoured bed is
steep; where they are far apart the slope is gentle. Accordingly
these lines show with approximate accuracy, by their direction and
spacing, the location, shape, extent, and height or depths of the folds
or wrinkles in which the strata are bent.

In order to make easier the distinction between domes and sags, or
local depressions, the contour lines indicating the sides of the depres-
sions are hachured (marked with short lines on the inner side).
However, an inspection of the numbers giving the elevations of the
contours at once shows the progress and amount of the rise or depres-
sion of the rock surface, the height of the anticline or dome and the
depth of the syncline or trough. A structure contour that passes all
the way (closes) around an anticline or dome shows that the strata
dip away from the axis in every direction—that is, the structure is
“closed.” Closing contours indicate anticlinal or (if hachured)
synclinal structure. The term “closure” indicates, for a dome or
anticline, the vertical distance between the lowest point on the fold
through which a closing contour would pass and the highest point
on the fold; for a syncline, just the reverse. It is usually stated as
the vertical distance between the highest and lowest closing contours
actually shown on the map, plus the contour interval, and is assigned
to the side on which the next lower contour (on an anticline or dome;
next higher on a syncline) would not close. For example, if the con-
tour interval adopted is 10 feet, if the distance between the highest
and lowest closing contours on a dome is 30 feet, and if the next lower
contour would not close on the east the dome is said to have a closure
of 40 feet on the east. '

E'rrors in structure mapping due to convergence of strata.—It may
happen that two geologists, mapping adjoining areas, have based
their structure contouring on key beds which are not extensive enough
to furnish a good tie between the two areas. One may have confined
his work almost entirely to a higher series, while the other has worked
almost entirely on a lower series, so that discrepancies may be found
in the structure contouring if the two series are not parallel—that is,
if they converge in any direction. Over most of the area allowance
has been made for such convergences as have been detected, but there
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are a few localities where the extent and direction of the convergence
can only be surmised. Under such circumstances any attempt to
modify the structure mapping by one geologist on a higher series to
make it conform exactly with that done by another on a converging
lower series is not justifiable. Accordingly, in certain areas there is
not an absolute tie between the contours drawn by different observ-
ers, although everywhere the contours represent the geologic structure
shown by the most readily traceable outcropping beds. To insure
continuity in the structure contouring throughout several townships,
some conveniently practicable datum plane, assumed to be parallel to
the exposed strata, is chosen for the whole area considered, and the
readings on the key rocks are projected to and plotted on this plane,
which may be above or below the key rocks actually surveyed in the
different townships.

Toward the west, where successively younger formations cover
the principal oil sands more deeply, these sands are less likely to be
parallel to the exposed strata on account of unconformities and con-
vergences due to slight deformation or uplift of the rocks at differ-
ent intervening stages. Hence the structure as interpreted from the
exposed beds may depart more widely from that of the deep sands
than it does farther east, where the sands lie nearer to the surface.

Evaluation of geologic structure—The discussions of the structure
are confined to those practical questions which are most important to
the oil prospector. The conclusions advanced with respect to the
merits of the folds represent the best judgment of the geologists as
to the promise of oil and gas and as to the positions and depths
of the sands from which production is expected. Nevertheless, it
should always be remembered that notwithstanding the general pro-
ductivity of the anticlines and domes, or, conversely, the relative
rarity in this region of really favorable folds that are totally barren,
only the drill can determine the ultimate question as to whether oil
is actually present at any locality. Sands may be lenticular, tight,
or even absent; anticlines in deep sands may not conform in position
or form to those in the exposed beds; and possibly other features
unobserved or not yet understood by the petroleum geologist may
cause disappointment to the prospector.

The recommendations as to points favorable for initial wells to
test undrilled areas are to be regarded as suggestions offered with
the explicit understanding that dry holes at these places will not
condemn the folds. Other tests at points rather less favorable theo-
retically may bring success, as in sec. 17, T. 25 N., R. 11 E. Even
in regions where, as in the Osage Reservation, most of the oil pools
are associated with anticlines or domes, few of them occupy the
whole of the promising area of the fold. This circumstance appears
in most places to be due to irregularity in the sand or lack of con-
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tinuity of the pay streak or to faulting which may have escaped
discovery.

New oil reserves in Mississippian sands.—Both great economic im-
portance and unusual geologic interest attach to the occurrence of oil
in sands of Mississippian age in northeastern Oklahoma. Though
some doubt exists as to whether the “ Mississippi lime ” is Boone or
Pltkm, the 1mportant fact, emphasized by the writers of the follow-
ing papers, is that oil is found at two or more horizons below the top
of the Mlssmmppmn series. This fact, now generally recognized,
points toward the discovery of new oil reserves in deeper sands be-
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Ficreg 1.—Key map of Osage Reservation showing areas discussed in this and previous
bulletins of the United States Geologlical Survey.

neath some of the producing pools, not only of the Osage Reserva-
tion but of the regions to the east, north, and south of it. Atten-
tion may be drawn also to the fact that the Sylamore (Devonian)
sandstone, though patchy and local in its area of known development,
may be present in portions of the oil field in this region. If present
it offers oil possibilities, and it should be sought at a few points where
anticlinal structure is strongly developed.

UNIVERSITY OF CALIFORNIA
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Publication of full reports.—Some of the townships in the Osage
Reservation have already been described with particular reference to
their oil resources in the bulletins of this Survey, as already noted
and as indicated in Plate I. These will not be described in this vol-
ume. The townships lying west of R. 11 E. in the Hominy quad-
rangle are now being examined by Robert H. Wood and, together
with the remainder of the quadrangle, will be fully described in
a bulletin now in preparation by Mr. Wood. In the geologic map-
ping of this quadrangle the Oklahoma State Geological Survey has
cooperated.

The detailed description of the stratigraphy, geologic history, and
physiography of the Pawhuska quadrangle, the results of the de-
tailed study of the well records, and the discussion of the texture,
composition, porosity, and other features of the sands, as well as of
questions concerning the origin of the oil, are deferred for a. more
formal report by Mr. Heald and others on the geology and mineral
resources of the Pawhuska quadrangle. Similar data for the area
west of the Hominy, Pawhuska, and Foraker quadrangles will be pre-
pared by C. F. Bowen, the geologist in charge of the investigations in
that area.

The accompanying diagram (fig. 1) shows the arrangement of
townships in the Osage Reservation. The separate papers are to
be issued in the order of their submission by the different geologists.



T.23 N, R. 11 E.; TPS. 22 AND 23 N, R. 12 E.
By Wmsox B. EmEry.

INTRODUCTION.

The townships here described lie in the eastern part of the Osage
Nation. (See fig. 1.) They include the towns of Avant and Skia-
took, on the Midland Valley Railroad, which follows the valley of
Bird Creek, a stream with rather broad alluvial bottoms that are de-
voted to farming. Much of the area consists of wooded ridges
traversed by poor roads and little cultivated.

Field work in these townships was done between October, 1917,
and February, 1918, by R. H. Wood, O. B. Hopkins, D. E. Win-
chester, C. S. Ross, P. V. Roundy, and the writer. The area mapped
by each geologist is shown in the diagram inserted on Plate II. This
diagram shows also the areas surveyed by different methods. Map-
ping by barometer and compass traverse is less accurate than plane-
table work but when carefully checked, as in the present case, affords
in the main a true representation of the actual structural conditions.

STRATIGRAPHY.
EXPOSED ROCKS.

The rocks exposed at the surface in this area belong to the middle
Pennsylvanian. They comprise a series of eandstones, shales, and
limestones, aggregating about 550 feet in thickness, and their char-
acter and succession are shown graphically in figure 2. Shale con-
stitutes by far the larger portion of the exposed rocks, though there
is considerable sandstone. Except for the Avant limestone, which
is the most prominent and readily distinguishable bed in the region,
limestone forms a very minor part of the exposed section.

No complete description of the stratigraphy will be given in this
paper, but for the convenience of those who wish to do detailed
geologic work in this region a few of the most prominent beds or key
rocks will be described below.

Avant limestone.—The Avant limestone crops out through Tps. 22
and 23 N,, R. 12 E. (See Pl. II.) At the quarry along the rail-
road between Avant and Oil City the Avant consists of 39 feet of fos-
siliferous massive .gray limestone, overlain by 6 feet of thin platy
limestone composed largely of fragments of crinoid stems and Bryo-
2. The platy limestone maintains its thickness and character

80703°—22—2 1
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wherever exposed, but the massive limestone thins toward the south
and west, and near the east quarter corner of sec. 9, T. 22 N, R. 12
E., it is only 18 feet thick. The Avant rests unconformably on the
underlying shale, but as the top of the formation, which remains con-
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stant, was used as a datum in the field work the unconformity at the
base does not affect the mapping of the structure.

Fusulina-bearing gray limestone.~—The Fusulina-bearing gray
limestone crops out near the top of the hillisguthiof Avant, in the
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\. $ sec. 18, T. 23 N, R. 12 E,, and is well developed in the western
part of this township and the eastern and northern parts of T. 23
N,R.11 E. Itis?2 to5 feet thick and is dark gray on fresh fracture,
but weathers into light-gray slabs. Weathered faces are dotted with
innumerable Fusulina shells which resemble wheat grains. It lies
from 95 to 100 feet above the top of the Avant limestone in'the north-
ern part of T. 23 N., Rs. 11 and 12 E,, but in the southern part of
these townships it is about 117 feet above the Avant. The Fufdina-
bearing limestone was noted only here and there in T. 22 N., R. 12 E.

Shelly and red limestones—About 20 feet below the Fusulina-
bearing limestone in the region of Avant is a shelly limestone (see
columnar section, fig. 2) which is a helpful stratigraphicindicator. In
the southern part of T. 23 N., R. 12 E., this lower limestone grades
into and is replaced by a heavy sandstone which forms the first topo-
graphic bench above the Avant limestone. From 20 to 30 feet above
the Fusulina-bearing limestone is another thin limestone (the red
limestone of the columnar section) which. generally weathers ver-
milion and which also is 2 good marker.

Clem Creek sandstone—The beds here des1gnated Clem Creek
sandstone embrace a series of massive medium-grained sandstones
and thin lenticular shales aggregating 60 to 65 feet in thickness and
are exposed along Clem Creek in the northwestern part of T. 23 N.,
R. 11 E. This formation is limited below by the red limestone al-
ready mentioned, and its upper limit is the top of a massive bed of
sandstone 18 feet thick, which is marked by a line of woods at the
base of a grass-covered prairie, developed on the overlying shale.
This upper sandstone may be conveniently seen along the road in
sec. 5, T. 23 N., R. 11 E,, north of Clem Creek. Locally near the base
of the overlying shale is another thin limestone that weathers red

-and is a very definite horizon marker. The top of the Clem Creek
sandstone was mapped across T. 23 N., R. 11 E,, as is shown on
Plate II. Tt lies about 195 feet above the top of the Avant limestone.

Bigheart sandstone.—The name Bigheart sandstone was used by
Snider' for a series of 175 feet of sandstone and shale exposed at
and near the town of Bigheart, in T. 24 N., R. 11 E. The name Big-
heart sandstone is here restricted to the basal massive sandstone of
this series. In the area covered by this report 40 feet of this sand-
stone is present, and a typical exposure may be seen near the center
of sec. 6, T. 23 N., R. 11 E. It forms a very distinct bench and is
notably coarse, the lowest beds being conglomeratic. In places the
conglomeratic beds are highly calcareous and weather rusty brown.
Because of its slight induration the Bigheart readily crumbles into
soft sand. The beds between the Bigheart and the top of the Clem

18nider, L. C., Preliminary report on the clays and clay. industry- of Oklahoma:
Oklahoma Geol. Survey Bull. 7, p. 221, 1911.
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Creek sandstone consist principally of shale with minor quantities
of thin sandstone. Directly underlying the Bigheart in T. 23 N,
R. 11 E,, is a gray shale from 20 to 35 feet thick. Locally the upper
6 feet of this shale is red. The base of the Bigheart lies from 345
to 360 feet above the top of the Avant limestone in this area.

ROCKS NOT EXPOSED.

A study of well logs shows that between the surface beds and the
productive oil and gas zone in this area lie sandstone, shale, and
limestone, and that the shale aggregates many times the thickness of
the limestone and sandstone. This is clearly seen in Plate III, on
which are shown graphically the rocks reported in the logs of wells
drilled at several places in this area.

The first easily recognizable bed below the Avant limestone reached
by the drill is a limestone 50 to 75 feet thick, usually called the
Big lime by the drillers. It lies about 810 feet below the top of the
Avant in sec. 6, T. 23 N., R. 12 E., anq 870 feet below in sec. 29, T.
23 N., R. 11 E. The intervening rocks consist almost entirely of
shale. Below the Big lime is 125 to 160 feet of shale, followed by
a limestone 50 to 65 feet thick. This is named the “ Oswego lime ” by
the oil men and lies 1,015 to 1,050 feet below the Avant. It is under-
lain by 300 feet or more of shale, containing one or more thin lime-
stone beds, beneath which are a series of sands which contain the
productive oil and gas zones of the district.

The top of the productive sandy series lies from 1,350 to 1,450 feet
below the top of the Avant limestone. Gas is commonly encountered
in the upper 50 to 125 feet of the series, and in places the gas sand is
separated from the underlying oil-bearing sands by 25 to 100 feet
of shale, but in other places there is no shale between the gas and
oil-bearing parts of the series. The oil-bearing sand aggregates 120 .
to 150 feet in thickness in this region.

Any sand productive of oil in this zone is commonly referred to as
the Bartlesville sand, but it may or may not be the same as the pro-
ductive sand at Bartlesville. The fact, however, that the Bartlesville
sand near Bartlesville lies about 1,350 feet below the top of the Avant
limestone lends color to the supposition that the sands in the two
localities occupy similar stratigraphic positions. About 150 feet below
the top of the Bartlesville is in places a thinner oil-bearing sand
known as the Burgess sand, and other thin sands are present locally.
The entire series of sands, including the gas sand, are probably best
regarded as associated parts of the Bartlesville sand, which in this
region embraces the basal portion of the Cherokee shale—that is, of
the Pennsylvanian.

A few wells in this area have reached, beneath the Bartlesville and
associated sands, a limestone generally known as the “ Mississippi
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lime.” The thickness of this limestone is not known, for it has not
been completely penetrated. It may represent the Boone limestone
of northeastern Oklahoma and southeastern Kansas, but without
more detailed information than is now at hand such a correlation
can not be definitely asserted. At several localities in eastern Osage
County beds below the top of this limestone have yielded oil in com-
mercial amounts, and no well should be regarded as constituting a
complete test of a district unless it penetrates the “ Miseissippi lime ”
to a depth of 300 feet.

STRUCTURAL FEATURES.
AREAS OF f‘AVOBABLE STRUCTURE.

This area is a portion of a much larger region in which the general
dip is northwesterly. The presence of an easterly dip is therefore
significant, for it indicates an upfold which may yield commercial
quantities of oil. The rocks in T. 22 N,, R. 12 E., dip gently north-
west with few irregularities, in conformity with the regional struc-
ture. Beyond, in T. 23 N,, R. 12 E., and the southeastern part of
T. 23 N, R. 11 E,, is a broad zone of large open folds, and to the
northwest, in the northwestern part of T. 23 N., R. 11 E., is a zone of
closer folding. There are few faults in these townships. The struc-
ture is shown on the map (PL II). The contours are based solely
on surface data and are drawn on a theoretical bed 500 feet below the
top of the Avant limestone.

The largest upfold isthe Avant anticline, south of the town of Avant,
which affects the attitude of the rocks over a number of square miles
in the southwestern part of T. 23 N., R. 12 E., and the southeastern
part of T. 23 N, R. 11 E. The crest of the anticline in the SW. }
sec. 30, T. 23 N., R. 12 E,, is outlined by the 340-foot contour. The
lowest closed contour is the 280-foot, giving a closure of more than
60 feet, effective over a roughly circular area of about 4 square miles.
Beyond this area anticlinal noses radiate irregularly, as for example
in secs. 31 and 20, T. 23 N., R. 12 E. There is also a broad plunging
fold in sec. 19, T. 23 N, R. 12 E., and similar folds occur in secs.
23, 24, and 36, T. 23 N, R. 11 E. In the NW, } sec. 35, T. 23 N.,
R. 11 E,, and the SW. } sec. 31, T. 23 N, R. 12 E., are the crowns of
two subsidiary domes on the flanks of the major fold. Although
both these domes are low on the flank of the large anticline, they offer
promise as prospective oil territory, especially the dome in sec. 35,
T. 23 N,, R. 11 E,, which has a very steep dip on the west, toward
the bottom of a large syncline. In sec. 18, T. 23 N,, R. 12 E,, the dip
18 50 low as to make the structure therein effect that of a terrace.

The Avant anticline is cut on the south by a fault which trends
southeast and crosses the south line of sec. 30, T. 23 N., R. 12 E,,
about a quarter of a mile west of the southeast cornerof ilie section.
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(See Pl. II.) Asthe maximum throw of this fault is but 15 feet, it
probably has had no important effect on oil accumulation.

A synclinal axis trends northeast from the southeast corner of sec.
31 to and beyond the southwest corner of sec. 21 and limits the anti-
cline on the southeast. At the nearest point the axis of this syncline
is a little more than a mile from the crest of the Avant anticline.
On the west the rocks dip west for more than 2 miles from the anti-
clinal crest to the bottom of a synclinal depression which extends
north through secs. 34, 27, 22, and 15, T. 23 N, R. 11 E. A synclinal
axis extending southeast from sec. 2, T. 23 N., R. 11 E,, to sec. 17, T.
23 N, R. 12 E,, in a general way following the alluvial valley of Bird
Creek, limits the Avant anticline on the north and northeast. The
axis of this syncline is 2 to 3 miles from the crest of the Avant fold.

The Avant fold has already been considerably drilled, and the pres-
ence of petroleum in it has been thoroughly demonstrated. A con-
sideration of the structure indicates that the productive area may be
extended somewhat to the south and southeast in secs. 29, 30, 31, and
32, T. 23 N, R. 12 E,, and to the west and southwest in secs. 26, 35,
and 36, T.23 N., R. 11 E. Locations which the writer believes favor-
able for test wells are indicated on Plate II in secs. 23, 34, and 35,
T. 23 N, R. 11 E, and sec. 31, T. 23 N, R. 12 E. The productive
sand which such holes will seek is of course the Bartlesville, but if
these holes are to be complete tests they should be drilled at least 300
feet below the top of the “ Mississippi lime,” which is totally untested
in the Avant anticline. Beds below the top of the “ Mississippi lime
have been found productive of oil in certain other parts of Osage
County, and if oil is encountered in commercial quantity in them in
these tests an extensive oil reserve beneath the Avant anticline may
confidently be expected.

A second prominent upfold in the area is the Candy Creek anti-
cline, in the northeastern part of the fractional T. 23 N, R. 12 E,,
east of the town of Avant. The axis of this anticline extends north.
near the west line of sec. 15 into sec. 10, where it turns sharply to
the east. The 330-foot contour closes east of the edge of the mapped
area and, owing to the sharp change in strike, this contour outlines
a boot-shaped area, which is about half a square mile in extent. This
anticline has two crowns, one in the NW. } sec. 15 and the other in
the SW. } sec. 10. Both crowns are outlined by the 340-foot contour.
In sec. 3 a small fault with a throw of less than 10 feet cuts the beds
in a direction a little west of north but has probably had no effect
on oil accumulation. In the western part of sec. 9 there is a small
subsidiary anticline. The 290-foot contour is the lowest closed con-
tour around this secondary fold, which is separated from the main
fold by a small shallow syncline. The main anticline is limited on
the west by a rather broad syncline, the axis of which in a general
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way follows the alluvial valley of Bird Creek. A sharp northward.
trending syncline near the county line in sec. 15 limits the anticline
on the southeast.

The value of the Candy Creek anticline as oil territory has been
demonstrated. Consideration of the structure leads to the conclusion
that the beds on this fold may be expected to be productive from the
east border of Osage County westward down the dip as far as the
beds now producing in the two west tiers of sections in the township.

In the S. 3 sec. 7, T. 28 N, R. 11 E,, is the crown of the Hardy
dome, which has a closure of more than 40 feet and includes a delta-
shaped inclosed area of about 1} square miles, though the rocks are
upfolded over a considerably larger area. A small secondary dome
occurs on the flank of the major dome in the E. 3 SW. } sec. 8, T. 23
N, R.11 E. The major dome is limited on the east, north, and south
by synclines whose axes lie about a mile from the crest, but to the
west the synclinal axis lies more than 1} miles distant. Recent drill-
ing on the crown of the Hardy dome has resulted in the bringing in
of gas wells of considerable size. The flanks of the dome have not
yet been tested, but there is every reason to expect that oil in com-
mercial quantities will be encountered. The west flank appears espe-
cially favorable, and it is possible that oil will be obtained for some
distance down this flank in T. 23 N., R. 10 E.

Southeast of the Hardy dome is a narrow anticline, the Lombard
anticline, the axis of which extends north and northeast from the
NW. } sec. 28 through the central part of sec. 21 into the SE. } sec.
16, T. 23 N, R. 11 E. The 170-foot contour is the lowest closing
contour around this anticline, and as the crest of the fold is outlined
by the 200-foot contour, there is a closure of over 30 feet. The in-
closed area, which is cucumber-shaped, amounts to about 1 square
mile. The anticline has two crowns, one in the NE. } sec. 21 and the
other just south of the center of the section, separated by a saddle
over 10 feet deep. On the southwest this anticline merges with a
northwestward-dipping monocline, and on the north it plunges into
a faulted syncline. The regular northwest dip of the west flank is
interrupted by an attenuated anticlinal nose extending northwest
from the southeast corner of sec. 20 to and beyond the northwest
corner of the section. On each side of this nose a syncline extends
east and southeast toward the main uplift. The anticline is limited
on the southeast by a rather broad syncline which trends northeast.
The axis of this syncline is in places less than half a mile from the
crest of the anticline. In the writer’s opinion the Lombard dome
has excellent possibilities as prospective oil territory. Test wells in:
the SE. } sec. 16 or the SW. 1 sec. 21, in places shown on the map or
at any point between these places, will be favorably located struc-
turally. If oil is found the productive beds may reasonably be ex-
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pected to extend far down the anticlinal nose that trends northwest-
ward through sec. 20.

Just south of the north quarter corner of sec. 33, T. 23 N., R. 11 E.,
is the crown of the Brown anticline, which has a closure of more than
30 feet and an inclosed area of about 1} square miles in secs. 28, 32,
and 33. The axis of this anticline trends northeast. On the north-
west the beds dip in that direction for more than 2 miles to the bot-
tom of the limiting syncline, but on the east the axis of the comple-
mentary syncline is less than a mile distant. This syncline plunges
both north and south from a low divide in the major syncline, at the
north line of sec. 34, and its southern part is a closed depression more
than 30 feet deep. The structure of the Brown fold is very favor-
able for oil accumulation, and oil in commercial quantity has alr eady
been found there.

In sec. 81, T. 23 N,, R. 11 E,, is the small but well-defined Fox
dome, which is a part of a large fold that embraces also the Brown
anticline, just described. This dome is separated from the Brown
anticline by a shallow saddle, whose axis is less than a mile to the
east. The Fox dome is proved oil territory, having yielded oil from
sands above the “Mississippi lime.” The lower sands also warrant
testing.

A broad, low dome, here called the Labardie dome, is present in
secs. 3 and 4, T. 23 N;, R. 11 E. This fold is cut in sec. 4 by a north-
westward-trending fault having a maximum throw of about 20 feet,
with the upthrown block on the west side of the fault trace. The
Labardie dome is separated by a shallow syncline from a smaller
dome, the crown of which is in the extreme northwest corner of sec. 2
and the NE. } sec. 3 of this township. Southeast of these domes is a
closed syncline in secs. 2 and 11, and southwest of them another closed
syncline in secs. 5 and 8. The major syncline in which both these
closed depressions are situated is faulted south of these domes in sec.
9. Of the two faults the western is the larger, having a maximum
throw of about 30 feet in the S. § NW. } sec. 9. The throw of the
other fault is less than 10 feet. Between the two faultsthe rocks have
been folded into a small incomplete anticline flanked on the south by
a small closed depression. Structurally this dome does not appear
to be particularly favorable as prospective oil territory. A dry hole
has already been drilled near its crest.

In the NW. } sec. 4, T. 22 N, R. 12 E., occur two very small domes.
These domes are in eﬁ'ect 8 smgle structural feature on a larger
fold—an anticlinal nose. The writer believes as favorable a site asany
other for a test hole is in the NW. } sec. 4, as shown on the map,but a
consideration of the structure leads to the conclusion that oil, if en-
countered, will probably not be found in large amount.

In secs. 9 and 10, T. 22 N., R. 12 E., the general westerly dip of
the beds is interrupted by a local flattening that gives rise to a
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terrace. This is a small structural feature and does not hold much
promise as oil territory. The dry hole in sec. 9 was drilled in a
structurally favorable location, but as its record is not available it
is not known whether or not the hole actually reached all the sands
and was an adequate test. Oil has been found in secs. 5 and 8 of
this township under less favorable structural conditions, and if the
hole already drilled was not a thorough test, further prospecting of
this terrace is warranted.

AREAS OF UNFAVORABLE STRUCTURE.

In view of the spotted distribution of the producing wells in this
region, it would be hazardous to state that certain structural features
in this area are not favorable for oil. It seems extremely unlikely,
however, that commercial quantities of oil will be found in the major
synclines, such as that in secs. 2, 9, 8, 5, and 6 and that in sec. 19, T.
23 N, R. 11 E. A few small wells were found in sec. 5, but these
are now abandoned. It also seems very improbable that oil in eco-
nomic quantity will be obtained in the deep closed syncline in the
southeastern part of sec. 33 and the southwestern part of sec. 34 of
the same township. Another unfavorable area is the syncline in
sec. 6, T. 22 N., R. 12 E,, and adjacent sections.

PRODUCTION.

A study of the records of initial production of wells in T. 23 N.,
R. 12 E., which is the most thoroughly drilled township in the area
(see map, Pl IT) and which may be considered typical of the area,
shows that about two-thirds of the wells came in, after being shot,
with yields of 50 barrels or less, and that wells with an initial pro-
duction of over 500 barrels were extremely rare. It is probably safe
to make the general statement that in the area here described only
small producers may be expected. On the other hand, production
continues for a long time, as is evident from the fact that some of
the leases in T. 23 N., R. 12 E., have been producing since 1906.

The area of greatest uplift in T. 23 N., R. 12 E., is productive
throughout its extent, even the syncline which follows the valley of
Bird Creek yielding oil in commercial amounts. The production
along the major uplift is spotted and does not appear to follow any
general rule. One noteworthy fact is that on the crest of the major
Avant uplift only gas has been encountered. For this reason the
writer is of the opinion that leases on the crests of broad folds in
this region will yield considerable gas. All the anticlines in the
area which have so far been tested have, with the exception of the
Labardie anticline, yielded oil in commercial amounts.
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T.27 N, R. 9 E.

By Dean E. WINCHESTER.

STRATIGRAPHY.

The rocks exposed in T. 27 N., R. 9 E. (see fig. 1), consist of lime-
stone, sandstone, and shale of Pennsylvanian age (see columnar sec-
tion, fig. 3). The oldest beds crop out along the eastern edge of the
township and comprise red, gray, and yellow shales, thin sandstones,
and a single persistent bed of limestone that is correlated with the
middle bed of the Oread limestone of the Kansas section. Above
this shale series is the Elgin sandstone, consisting of about 175 feet
of irregularly bedded sandstones with a few lenses of shale and lime-
stone. The sandstone series crops out along the valleys of Sand,
Mud, and Cedar creeks and gives rise to rough, timber-covered areas.
Distinctive or persistent beds which may be used as marker beds in
mapping the geologic structure are lacking in most of the area.
About 125 feet of limestone, shale, and thin sandstones, constituting a
series of beds known as the Pawhuska limestone, occur above the Elgin
sandstone. The Pawhuska is terminated at the top with two thin
beds of “red lime.” Limestone and shale give rise to untimbered
prairie land, so that the key beds in this series can be easily followed.
In the extreme northwest corner of the township are about 100 feet
of massive sandstone, shale, and some limestone, which constitute
the highest beds exposed in the area.

Key beds that are useful in determining the geologic structure
are abundant in the western part of the area but much less so in
the middle and eastern parts. The outcrops of three are shown on
the accompanying map (Pl. IV). The middle bed of the Oread
limestone crops out near the east edge of this township and is very
well exposed west of the Pawhuska-Elgin wagon road in the NE. }
sec. 36. This limestone weathers as a grayish-white rock, which
contains many Fusulina and other easily recognizable fossils and
in this part of Osage County is about 2 feet thick. In many places
the presence of the bed at the outcrop is indicated only by very
mmall fragments of yellowish-white clayey lime or perhaps by a few
of its characteristic fossils. The next higher key bed of importance
i8 here named the Plummer limestone member (of the Pawhuska

11
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limestone) because of its exposures near
the house on the Plummer ranch, in T. 26
N.,, R. 9 E. This limestone is also pres-
ent on the Myers gas dome, which is just
southwest of T. 27 N., near Myers station
on the Midland Valley Railway. The
Plummer limestone consists of black flinty,
angular limestone which is only locally
fossiliferous, separated into two benches
by 6 to 8 feet of shale. The outcrop of
the upper bench of the Plummer limestone,
beneath the gray ledge-making limestone
of the Pawhuska formation, is usually
marked by long, square-edged blocks, only
one edge of which is exposed. The lower
bench of this black limestone is of much
less value as a key bed, and its outcrop
is not shown on the accompanying map
(PL. IV). The limestone is well exposed in
this township along the road on the south
side of Sand Creek in sec. 30. About 15
to 20 feet below the top of the Plummer
limestone there is a very persistent sand-
stone bed about 2 feet thick, which, be-
cause of its peculiar ragged manner of
weathering, was called the “ragged sand-
stone” in the field. This is the only resist-
ant sandstone bed in the series and is
therefore easily identified, but because of
its nearness to the outcrop of the Plummer
limestone, its outcrop is not shown on the
map. Two thin beds of reddish-gray hard,
brittle limestone at the top of the Paw-
huska limestone were followed in the field,
and the outcrop of the lower of these is
shown on Plate IV. At 9 feet below the
lower of these red limestones is a very
thin bed of limestone so full of Fusulina
that it resembles a bed of dirty rice. This
bed is of great value in correlation, even
though it is not everywhere exposed. Good
exposures of all these limestone beds are
to be found near the southwest corner of
sec. 6.
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The log of a well drilled in sec. 8 of this township is shown in
figure 4 and gives an idea of the character of the rocks which occur

between the surface and a depth of 2,300 feet.
In drilling in this township sands that may
yield oil should be found in at least four zones,
namely :

1. A zone about 1,400 feet above the Fort
Scott (“ Oswego”) limestone, as indicated by
the show of oil in wells of the Myers gas field
and in the well in sec. 8.

2. The Fort Scott (“Oswego”) limestone.

3. The Cherokee shale, including a sand sup-
posed to be the Bartlesville sand. Records of
deep tests in this part of the county indicate
that the sands of this zone are thin or possibly
missing.

4. Sands in the upper 300 feet of the “ Mis-
sissippi lime.” The oil produced in the vicinity
of Pawhuska, south of this area, comes from
this zone.

STRUCTURE.

The surface structure shown by 10-foot con-
tours on the accompanying map (Pl IV) was
determined by carefully following key beds and
accurately determining elevations at short in-
tervals along their outcrops. The contours
represent the structure as indicated by the sur-
face beds but are drawn on an imaginary bed
which is about 300 feet below the middle
bed of the Oread limestone. The rocks over
a large part of this township dip gently west-
ward and are not faulted except in the south-
eastern part, where the beds are badly crumpled
and broken. There are, however, several up-
warped structural features, as will be noted
by reference to the map. These are described
in detail below.

Parts of secs. 7, 8, 17, and 18 are included
in an irregular-shaped anticlinal fold which
has a southeasterly dip of a little more than
20 feet and a closed area of more than a sec-
tion. This fold is quite large enough to in-
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fluence the accumulation of oil and is worthy of complete tests.
One well drilled near the top of the anticline by the American
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Pipe Line Co., which holds the gas lease over this area, did not
get oil or gas in paying quantity, although in the log of this well
15 feet of sand is recorded at the general horizon of the Bartles-
ville. A show of oil is reported in sands above the Fort Scott
limestone (“ Oswego lime ), but the sands at the horizon of the
Bartlesville sand are reported to be dry, both of oil and water. It
is not impossible that this well penetrated the oil sand at a point
where the sand was too tight to yield its oil, even if it contained any,
and that had the well been shot some o0il might have been obtained.
In any event the anticline should not be definitely classed as unpro-
ductive until at least one other well has been drilled and the “ Missis-
sippi lime ” has been penetrated at least 300 feet. The presence of
even a trace of oil in any sand should be sufficient evidence to call
for the shooting -of the sand in order to prove its possibilities. To
thoroughly test the anticline wells should be drilled near the centers
of the NW. }, NE. }, and SE. } sec. 7-

In secs. 30 and 31 there is an area showing anticlinal structure with
‘a closure of at least 30 feet and a closed area of about a section which
seems excellently suited to bring about the formation of an oil pool.
This uplift has the shape of an elongated dome whose longer axis
trends north and south and which is separated from the Myers gas
field dome to the south by only a low saddle. Several wells drilled on
this dome by the American Pipe Line Co., the holder of the gas lease,
have produced considerable gas, but the records of these wells show
no oil, although one or more of them were drilled to the “ Mississippi
lime,” below most of the sands which have been found productive
of oil in Osage County. The area should not be finally condemned
as oil territory until at least one well has penetrated the sands below
the top of the “ Mississippi lime,” which are the source of the oil
in the wells near Pawhuska. The gas obtained from this dome
comes from sand above the Fort Scott (“ Oswego”) limestone, and
only one or two of the wells have been drilled deeper.® The records
of deep tests on this dome show little or no sand at the horizon of
the Bartlesville. The oil-producing possibilities of the dome can
probably best be tested by drilling on its flanks west of this town-
ship, near the east line of sec. 36, T. 27 N, R. 8 E.

A small dome in secs. 11 and 14 is part of a long nose on the west
side of a large fold in the township to the east. Although the dome
itself has a closure of only a single contour its value is considerably
greater than this would indicate, because of the fact that it is part
of the larger fold. This dome should act as an accumulating ground
for petroleum, as there is a very large area to the west and northwest
from which the oil might be derived. It would appear that the
W. 1 sec. 11 and the N. § sec. 14 are worthy of complete tests.
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A small anticline, whose high point is near the center of the east
line of sec. 21, shows but a single closing contour, but a long nose
projecting to the west from a point near its south end adds consid-
erable value to it and justifies its thorough testing. Wells drilled
in the NW. 1, near the northwest corner of the SE. }, and along
the north line of the SW. } will prove the value of this anticline as
a source of oil.

Owing to the generally disturbed condition of the rocks in the
southeastern part of the township this area is recommended as a
probable source of oil. There is evidence of general anticlinal struc-
ture near the west line of sec. 25, and this locality is probably worthy
of testing. Evidence seems to indicate that wells near the north-
west corners of secs. 25 and 36 will test the area best. The faults
shown on the map seem likely to prove a barrier and prevent the
migration of oil to the small elongated anticline near the east lime
of sec. 36.

Areas of synclinal or monoclinal structure are considered generally
unfavorable for oil accumulation, especially in the Mid-Continent
field, but underground features, such as the presence of lenticular
sands, may provide suitable conditions for the formation of an oil
pool. Such pools can be located only by pure wildcat drilling.
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T. 24 N, R: 10 E.

By C. F. Bowen,

STRATIGRAPHY.
EXPOSED ROCKS.

General character—The rocks exposed in T. 24 N, R. 10 E. (see
fig. 1) are illustrated graphically in figure 5. They have an aggre-
gate thickness of about 550 feet and belong stratigraphically in the
upper part of the Pennsylvanian series. They consist mainly of
alternate beds of sandstone and shale, with two well-defined lime-
stones near the base of the section, two thin limestones about 100
feet below the top, and local lenses of limestone at other horizons.

The sandstones are for the most part medium-grained quartzose
rocks but vary in composition and physical features and are irreg-
ular and inconstant in thickness and extent. The shales are pre-
vailingly red, but, as shown in the columnar section, there are two
well-marked intervals of gray shale which are valuable guides in
tracing the sandstones above them. A detailed discussion of the
stratigraphy and the grouping of formations will be given in the
final report on the Pawhuska quadrangle. In this report the descrip-
tiom is confined to the principal key beds used in mapping.

Key beds—The exposed rocks include three more or less well-
defined key beds, the outcrops of which are shown on the accom-
panying map (PL V). They are, in ascending order, the Birch
Creek limestone, the Bigheart sandstone, and the Fourmile sand-
stone. At the top of the section is another sandstone, 15 to 20 feet
thick, named by K. C. Heald ! the Wynona sandstone, from exposures
at and near the town of Wynona,in T.24 N, R. 9 E.

Birch Creek limestone—The Birch Creek limestone, named from
its excellent exposure in the bluffs on the north side of Birch Creek,
near the east edge of the SE. } sec. 25, is well exposed also on the
south side of Birch Creek to a point within about a quarter of a mile
of the west side of sec. 36, where it passes beneath the surface. An-
other good expostire occurs in the railroad cut about 13 miles south of
Bigheart, in sec. 19, T. 24 N., R. 11 E. It is a hard light-gray
crystalline, somewhat dolomitic limestone and is sparingly fos-

1 Report on T. 24 N, R. 9 E,, in preparation to form a part of Bulletin 686.
80703°—22——38 17
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siliferous. It contains a considerable percentage of iron, which
gives it an unusually high specific gravity and produces a deep
rusty-brown color on the weathered surface. Laterally it grades into
limy sandstone.
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The Birch Creek limestone seems to be at approximately the same
horizon as a limestone at Bartlesville believed, but not definitely
proved, to be the Stanton limestone. According to O. B. Hopkins,*
however, the Birch Creek may be as much as 15 feet below the
limestone at Bartlesville.

Bigheart sandstone.—From 70 to 115 feet above the Birch Creek
limestone is a massive ledge-making sandstone, 25 to 50 feet thick,
here called the Bigheart sandstone? because it is well exposed at
Bigheart, forming the main ledge in the bluffs west of the road be-
tween Bigheart and Quawpaw. It is a massive, cross-bedded ledge-
making sandstone 25 to 50 feet thick. In some places it consists of
a single bed; in others it is separated into two members by a bed
of red shale 4 feet or more thick. At its base the sandstone is slightly
conglomeratic, and for several feet above this basal part it is very
coarse grained or gritty. In this gritty portion the coarse grains of
white, red, and black quartz stand out in relief on the weathered sur-
face, in marked contrast to the other sandstones in this part of the
section. The conglomeratic portion is rarely exposed, because it
disintegrates readily and is also commonly covered by talus or wash.
The gritty character of the basal part of this sandstone, together
with the fact that it rests on gray shale, whereas the shales higher
up in the section are red, make the contact of the shale and sandstone
s valuable key horizon. In some places, however, there is a small
amount of red shale between the sandstone and the gray shale, but
in such places the gray shale can usually be found and there is little
difficulty in establishing the horizon. The conglomeratic character
of the sandstone is most pronounced in the southern part of the
township.

Fourmile sandstone.—About 40 feet below the top of the section
and about 350 feet above the Birch Creek limestone is a group of
beds consisting predominantly of sandstone, with some interbedded
shales near the top and base. These beds, here called the Fourmile
sandstone, are well exposed on the point south of Fourmile Creek in
the SW. } sec. 30, extending eastward about three-quarters of a mile
from the small oil field at the west side of the section. They consist
of a massive sandstone about 25 feet thick, overlain and underlain by
some thinner sandstones and interbedded red shales, the whole hav-
ing a thickness of about 40 feet, but this varies considerably from
place to place. The basal bed of this sandstone is distinguished
from other sandstones in this part of the section by being coarse and
gritty, resembling the basal part of the Bigheart sandstone, but it

Report oo T. 25 N., Rs. 11 and 12 E, in preparation to form a part of Bulletin 686.

! The name Bigheart sandstone was used by L. C. Snider (Oklahoma Geol. S8urvey Bull.
7. p- 221, 1911) for 175 feet of sandstones and shales supposedly exposed at and near
Bigheart, but the term is here restricted to the basal messive sandstone of that series
of beds, which is a useful horlzon marker over a considersble area.
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differs from the Bigheart in not being conglomeratic. It is a'~~
immediately underlain by gray shale, whereas the other shales in tl
part of the section are prevailingly ‘red. The distinctive charact
of the sandstone, together with the gray shale below, render this bas
bed the most distinctive traceable key bed in the western part of t
township. It is however, less distinctive and valuable in the nort
ern part of the area than in the southern part. The tracing a1
identification of the bed are further facilitated by the presence «
two thin limestones and a thin fossiliferous sandstone in the sha
below it. The limestones are 8 to 10 feet apart, and the upper or
is 10 to 15 feet below the base of the Fourmile sandstone. Thes
limestones are commonly a foot or less in thickness and are simila
in composition, being characterized by an abundance of small Fusu
lina, with few other fossils. In places they grade into calcareou
sandstones characterized by a smooth white weathered surface. Ex
posures of these limestones are rare. They are commonly concealec
by talus and hill wash from the sandstone above but can be founc
in a sufficient number of places to render them valuable as checks or
the sandstone. A good exposure of the lower limestone occurs in
the bed of Fourmile Creek about 400 feet west of the west boundary
of sec. 30.

Between the upper limestone and the base of the Fourmile sand-
stone there is a thin fossiliferous sandstone which in the northern
part of the township contains an abundance of Fusulina, but farther
south these are replaced largely by pelecypods and brachiopods.
The brachiopods serve to distinguish this sandstone from other fos-
siliferous sandstones lower in the section.

UNEXPOSED ROCKS.

The unexposed rocks and their relation to those exposed at the
surface are shown graphically in columns 1 to 4, Plate VI. To a depth
of about 1,200 feet below the Birch Creek limestone they are very
similar in character to the surfice rocks. Between this depth and
the “ Mississippi lime” limestones become more abundant, two beds
of which, the Big lime and the “ Oswego lime” (Fort Scott lime-
stone), are commonly recognized by drillers. The position of the oil
and gas bearing sandstones with relation to these limestones is shown
in column 5, Plate VI

The principal oil-producing sandstone in this area is generally
known as the Bartlesville sand, although it may include more than
the Bartlesville sand at Bartlesville. It is 70 to 150 feet thick and
in many of the wells is broken in the lower part into several thin
beds, to some of which the drillers have given distinctive names,
such as Tucker sand and Burgess sand. Gas is commonly found in
the upper part of the Bartlesville, the oil in some of the wells not
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being encountered until the sand_has been penetrated to a depth of
50 feet or more.

About 650 to 675 feet above the Bartlesville and about 275 feet
above the “ Oswego lime” (Fort Scott limestone) is a thin sand 10
to 12 feet thick which is the source of the oil obtained in sec. 22.

Between the Big lime and the Fort Scott (“ Oswego”) limestone
occur one or more sands or sandy shales. To one or another of these
the name Peru sand is commonly applied. In some places this sand
contains traces of oil, but it has not been a source of oil in this town-
ship. Traces of oil also occur in some places in the “ Oswego lime ”
and the Big lime and in one or more shallow sands 600 feet or more
above the Big lime.

The chief source of gas in the township is the upper part of the
Bartlesville sand, commonly referred to as gas sand by the drillers.
In some places a considerable supply of gas has also been encoun-
tered in the “ Oswego lime” and in the Big lime. Traces of gas
have been found in thin sands between the Bartlesville sand and the
“Oswego lime,” and also at various horizons from 330 to 1,000 feet
above the Big lime. In only one place, however (the North Cocha-
hee dome), are these shallow sands reported to have yielded more
than 1,000,000 cubic feet of gas a day.

STRUCTURE.

The rocks in this township have a somewhat steeper westward
inclination than is common in other parts of the Pawhuska quad-
rangle. A belt of especially steep dips crosses the central part of
the area in an almost due north direction. The largest anticlines or
domes lie east of this belt. The structure contours shown in Plate
V are drawn on an assumed datum plane 220 feet below the Four-
mile sandstone. The anticlines and domes will be described from
east to west, beginning at the southeast corner of the township and
progressing westward by tiers of sections.

BIRCH CREEK AND BIGHEART DOMES.

The Birchr Creek dome, in secs. 25 and 36, and the Bigheart dome,
in the southeast corner of sec. 12 and the northeast corner of sec. 13,
lie mainly in the next township to the east. As they are fully de-
scribed in the report on that township, they will receive only brief
mention here.

The Birch Creek dome covers an area of more than 4 square miles
and has a closure on the east of about 125 feet. It is therefore one
of the largest structural features in the Pawhuska quadrangle. Its
crest lies about 1} miles northeast of the southeast corner of this
township. A part of the fold has been well tested in T. 24 N,
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R. 11 E,, where the most oil has been obtained on the north slope of the
dome and gas has been obtained in several wells drilled near its crest.
Along the north side of sec. 25 and in the southwest corner of sec. 26
of the township here discussed dry holes have been obtained well
down toward the base of the fold. A hole in the SW. } sec. 25, how-
ever, in about the same structural position, obtained some oil, but no
record is avallable of the quantity. In view of previous develop-
ment the SW. } sec. 25 and all but the west tier of forties in sec. 36
of this township appears to be very promising oil territory.

REDEAGLE ANTICLINE.

The Redeagle anticline lies mainly in secs. 1, 2, 11, and 12 of this
township but extends into the SW. } sec. 6 and the NW. } sec. 7, T. 24
N, R. 11 E. The major axis of the anticline is about 2} miles long
and trends somewhat north of east. The maximum width of the fold
from north to south is about 1 mile. Near its west end, in sec. 12,
there is a slight constriction which gives the anticline a compound
structure. The shape and extent of that part of the anticline lying
in T. 24 N, R. 11 E., are uncertain because it occupies an alluvial
flat in which no key beds are exposed. The crest of the fold lies in
that township, and the amount of east dip is apparently slight, not
more than one contour closing around the fold. The beds have a
gentle westward dip from the highest part of the fold to about the
center of sec. 11, from which they drop about 50 feet in the next half
mile. '

About one-half of that part of the anticline lying in T. 24 N, R. 10
E., has been developed by the Pen Mar, Barnsdall, and Nicaragua
oil companies. (See Pl. V.!) Out of 45 productive oil wells for
which records are available, 5 are reported to have had an initial pro-
duction of 300 to 1,500 barrels, 11 to have ranged between 100 and
250 barrels, and 28 to have produced less than 100 barrels. The
largest yield was obtained from wells near the crest of the anticline,
extending from the southeast corner of sec. 11 to the NE. } NW. }
sec. 12. About 200 feet north of the south quarter corner of sec. 1,
at about the highest point stratigraphically on the anticline that has
yet been drilled, a dry hole was obtained. This well did not penetrate
the “Mississippi lime,” however, and is therefore not a conclusive
test. It is logical to assume that either oil or gas will be found in
the crest of this fold.

The oil obtained has all come from the Bartlesville sand, though in
some of the wells showings of oil are reported in the “ Oswego ™ and
Big limes. Gas is reported from the top of the Bartlesville sand, from

1 Locations of wells not seen during the fleld work were taken from plata furnisbhed by
the Bureau of Mines and the Empire and Barnadall oil companies.
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the “ Oswego ” and Big limes, and from thin sands below the “ Oswego
lime ™ and above the Big lime.

The anticline has a large gathering ground to the north and west,
but a relatively small one to the south and east, owing to the rather
deep depressions in these directions.

PENCRESDALL ANTICLINE.

The Pencresdall anticline lies mainly north of Birch Creek in
sec. 23 but occupies also the southwest corner of sec. 13, the SE. }
sec. 14, the northwest corner of sec. 24, and the north-central part of
sec. 26. In outline it is somewhat pear-shaped, with the large end to
the northeast. Its maximum extent from northeast to southwest is
about 2 miles and its maximum width about 1 mile. The greater dips
are to the north, west, south, and southeast and amount to about 50
feet within the first half mile. The drop to the east is less than 20
feet.

The northern part of this anticline has been developed by the Pen
Mar, Crescent, and Barnsdall oil companies, and the extreme south
end by the Barnsdall Oil Co. and the Prairie Oil & Gas Co. (See
Pl. V.) The oil and gas thus far obtained come from the Bartlesville
sand, though traces of both oil and gas are found at higher horizons.
The initial production of the wells ranged from 5 to 700 barrels a
day, but only three of them exceeded 200 barrels. As may be seen
from Plate V, most of the wells are on the sides of the anticline. Two
wells in the northwest corner of sec. 23, on top of the anticline,
obtained about 1,000,000 cubic feet of gas a day from the Bartlesville
sand but no oil. This suggests that gas rather than oil may be
found in the top of the anticline. If future development should prove
this to be the condition, drilling should be continued well down into
the * Mississippi lime ” in order to determine whether or not an ade-
quate commercial supply of gas or possibly of oil may be obtained.
The wells referred to above apparently did not penetrate the “ Mis-
sissippi lime.” Dry holes have been obtained well down toward the
base of the fold in several places, indicating that oil will probably not
be found in the adjacent synclines.

SOUTH COCHAHEE DOME,

The South Cochahee dome includes the SE. } sec. 4, nearly all of sec.
5, the southeast corner of sec. 6, and the northeast corner of sec. 7. In
sec. 6 it connects by a narrow saddle with the Nerth Cochahee dome,
Iying to the northeast, mainly in T. 25 N., R. 10 E. The South Cocha-
hee dome is somewhat oblong, having an east-west length of about 1}
miles and a north-south width of nearly 1 mile. The highest point of
the dome lies about 800 feet north-northwest of the south quarter cor-
ner of sec. 5. The eastward dip is very gentle, amounting to less than
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20 feet in about three-quarters of a mile. The north and south slopes
are also gentle, that to the north being somewhat the steeper. The
slope to the west is relatively steep, amounting to 60 feet in about half
a mile. It is probable from the present development that the low sad-
dle which connects this dome with the North Cochahee dome will
prove to be productive oil or gas territory.

This dome is practically undeveloped. A well drilled in the south-
west corner of the NE. ] sec. 6 (see P1. V) had an initial production of
about 50 barrels. A well a few hundred feet west of this one, drilled
since the mapping was completed, is reported to have been brought
in with an initial production of about 500 barrels. Another well
about the same distance south of the one shown on the map is said to
have come in with a production of about 50 barrels. The oil prob-
ably comes from the Bartlesville sand, though no eomplete log is yet
available,

The existing developments indicate that the crest of this fold, like
that of the North Cochahee dome, will probably yield gas and that
oil will be found on the slopes. The dome has a fairly good gather-

ing ground.
NORTH COCHAHEE DOME.

The North Cochahee dome lies mainly in T.25 N.,R. 10 E.,and will
be described in the report on that township. A few gas wells have
been obtained on that part of the dome lying in this township. A
log of one of these wells, showing the quantity of gas and the horizons
at which it was obtained, is given in column 2, Plate V1.

EAST BIBRDSEYE ANTIAQLINE.

The East Birdseye anticline occupies the SW. } sec. 18 and the
NW. 1 sec. 19, with a narrow southeastward-projecting nose extend-
ing diagonally across the NE. 1 sec. 19. 1t is separated from the
main Birdseye anticline, to the west, by a low saddle. The highest
point on the anticline seems to lie about on the line between secs. 18
and 19, at a point about 1,800 feet from the west side of the township.
This small fold has an east closure of about 25 feet over an area of
about half a square mile. It has not been developed, but conditions
will probably be about the same here as in the main Birdseye anticline
in T. 24 N, R. 9 E,, except that this anticline is probably somewhat
less favorably situated for oil and gas than the one to the west, be-
cause that one would trap the oil migrating up the westward slope.
There is, however, ¢onsiderable gathering ground to the north and
south from which oil and gas might have been accumulated. Tt
seems, therefore, that the East Birdseye anticline is well worth testing.
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FOURMILE DOME.

The main part of the Fourmile dome lies in T. 24 N,, R. 9 E., and
is more fully described in the report on that township. The part of
the dome lying in this township occupies the SW. } sec. 30. The
dome is somewhat larger from east to west than from north to south
and occupies less than 1 square mile. It has an east closure of about
30 feet, and its crest is about 1,500 feet west and a little north of the
southwest corner of sec. 30. The developments on that part of the
anticline lying in this township are mainly on its north slope, where
seven wells have been drilled. Each of these wells obtained oil in
the Bartlesville sand, and their initial daily production ranged from
5to 75 barrels. A dry hole was obtained on the east slope of the fold
near the south quarter corner of sec. 30, limiting the probable pro-
ductive area in this township to the SW. } sec. 30. The dome has a
large gathering ground to the north, south, and west.

TERRACES,

In the N. } sec. 22 the Massachusetts-Oklahoma (formerly Pen
Mar) Oil Co. has several productive oil wells on what seems to be a
terrace having a belt of steep dips about half a mile wide with a
flat or terrace both above and below. The production is obtained
chiefly in the zone of steep dips and at the inner edge of the lower
terrace. Dry holes have been obtained on the flat above the steep
dips, and also in a small synclinal reentrant north of the main pro-
ducing area. The wells are small, the initial production after shoot-
ing ranging from 5 to 75 barrels. At present they yield only a few
barrels each per day. The oil comes from a shallow sand 125 to 150
feet above the Big lime and about 650 feet above the Bartlesville
sand. A log of one of these walls is shown in column 3, Plate VI.

The occurrence of oil at this place, away from any anticline or
dome, may be the result of the terrace structure or it may be due to
a lenticular sand or some other unknown factor. It simply illus-
trates the possibility of finding small pools of oil independent of
anticlines or domes.

Terraces very similar to that in sec. 22 occur in the W. } sec. 3 and
the W. § sec. 25. The terrace in sec. 3 is more pronounced structurally
than that in sec, 22, being characterized by broader flats both above
and below the belt of steep dips. However, notwithstanding this
more favorable structural condition, the chances for oil accumula-
tion are probably less in sec. 3 than in sec. 22, because the South
Cochahee dome, immediately west of sec. 3, would trap the oil that
otherwise might have migrated up the slope from the west.

The terrace in sec. 35 has a broad upper flat in which three dry
holes have already been drilled. The lower flat is less well marked
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but may be sufficient to have produced the same effect as that in
sec. 22, providing there was an available source of oil. It should be
recognized, however, that the chances for obtaining oil in these ter-
races is considerably less than in well-defined anticlines or domes.

SYNCLINES.

In secs. 12 and 13 there is a deep syncline which, in view of the
number of dry holes obtained around its margin, is exceedingly
unpromising oil and gas territory. A similar syncline occurs in the
NW. } sec. 25 and extends southward across sec. 26. Other syn-
‘clines in which oil will probably not be obtained occur in parts of
secs, 17, 18, and 19.



T. 25 N, R. 9 E.
By K. C. HEaLp.

INTRODUCTION.

The field work in T. 25 N., R. 9 E. (see fig. 1), on which the ac-
companying report is based, was done by K. C. Heald, K. F. Mather,
D. E. Winchester, D. D. Condit, F. R. Clark, and W. B. Emery, geol-
ogists, assisted by J. Lee Bossemeyer, W. G. Gulley, Willard Miller,
J. M. Vetter, H. J. Weeth, Lewis Mosburg, and Richard L. Triplett,
instrument men. The areas mapped by the different men interfinger
so intricately that it is not practicable to outline the portion worked
by each man. The names of the geologists are given in the order of
their responsibility- for the completed map.

KEY BEDS.

The exposed rocks in this township are all of upper Pennsylvanian
age and include sandstone, limestone, and shale. Sandstones predomi-
nate, forming more than half of the total thickness of the exposed
rocks, but there are some thick beds of shale, and in the western part
of the township limestones are very conspicuous. (See Pl. VII and
fig. 6.)

The geologic structure was determined from elevations taken on a
great number of beds. Some of these beds occur only in very small
areas, but others are traceable for long distances. The more per-
sistent and helpful of these key beds are described briefly below.

Oread limestone.—The middle bed of the Oread limestone of Kan-
sas is unquestionably one of the most important key beds in the Paw-
huska quadrangle. It immediately underlies the Elgin sandstone
and is particularly helpful in deciphering the structure because there
are no other persistent limestones, either above or below it within 100
feet.

The character of this bed is not constant. In the NE. } sec. 15,
where it is well exposed in a gully on a steep hillside, it is about 3
feet thick; creamy brown onr the weathered surface and a little
darker on the fresh surface, with many dark-brown blotches; hard

27
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but not massive, breaking down into little slabby chips; and fos-
siliferous. It is overlain and underlain by thin beds of dark olive-
drab shale which is almost as good a marker as the limestone itself,
as the color is quite characteristic and it is in places very fossilifer-
ous, differing in this respect from most of the shales in this part of
the stratigraphic section. The olive-drab shale above the limestone
is succeeded by fissile gray shale. That below is underlain by red
shale,

Near the southern edge of the township this limestone, where well
exposed, forms a single massive ledge of very hard rock, orange-red
on the weathered surface and lighter on the fresh surface which is
characterized by much milky calcite. Though this ledge is well
exposed at only one or two localities the horizonr may be traced by
a string of limestone nubbins, ranging in size from that of a pinhead
to 3 inches in diameter, which mark the location of the bed. There
are other horizons where these limy concretions occur, but this par-
ticular formation can be identified by the fossils that weather out of
the limestone or the associated shales. Ambocoelia planiconvexa and
Worthenia tabulata are among the most common forms.

Okay limestone.—The Okay is a thin limestone, named from its
good exposures on and in the neighborhood of the O. K. ranch in
sec. 31. Tt is the lowest limestone in the Pawhuska formation, its
stratigraphic position being about 10 feet above the highest bed of
the Elgin sandstone and 50 to 100 feet below the Deer Creek member
of the Pawhuska limestone. The color ranges from gray to buff, but
the buff predominates. In most places the rock is of flinty hardness
and contains an abundance of small Fusulina, but either or both of
these features may be locally absent.

This limestone appears to be a rather small lentil. It does not
crop out north of Clear Creek in this township, and although it
extends to the southern line of T. 24 N., it has not been noted by the
geologists working the territory to the south.

The outcrop of the bed is inconspicuous, and in places it is traced
with extreme difficulty, but such good outcrops as occur are easily
found because of their stratigraphic position with respect to the
underlying massive Elgin sandstone.

Lecompton limestone.—The Lecompton limestone is a member of
the Pawhuska formation, lying 10 to 40 feet above the Elgin sand-
stone and 30 to 60 feet below the Deer Creek limestone, which is
the Pawhuska limestone of the commercial geologists. It is one of
the most persistent of the members of the Pawhuska formation and
has been traced from the Kansas line through the Pawhuska quad-
rangle, through the Hominy quadrangle, where it is known to some
as the “ Hominy lime,” and south to the Cushing field, where it is
known as the “ Pawhuska lime.”
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It is a hard bed, is not more than 3 feet thick in this township,
although much thicker in the region to the south, and forms a con-
spicuous outcrop in many places, large slabs of it breaking off and
littering the hill slopes. Its resistance to disintegration may lead to
mistakes in mapping, as large slabs of it that show little or no effect
of weathering occur on slopes or in stream beds far below the actual
outcrop. The weathered color is commonly orange, though locally it
is gray. The fresh surface is lighter in color. The limestone is not
markedly fossiliferous except in small areas, but almost anywhere a
search will reveal small cup corals (Lophophyllum profundum). 1t
is well exposed in sec. 31 near the O. K. barn.

Deer Creek limestone—The Deer Creek limestone is the most con-
spicuous member of the Pawhuska formation and is the bed to which
the name Pawhuska was originally applied. It ranges in thickness
from 12 to 41 feet in this township. The general color of the
weathered surface is gray, but there are bands which are cinnamon-
brown and blackish blue. These bands are so persistent that they
can be traced for considerable distances and used in mapping to de-
termine the structure. In this township a brown band near the top
of the limestone and the very top part of the bed, which is of a very
dark blackish-blue color with a peculiar velvety-smooth appearance,
were especially helpful in mapping.

The Deer Creek limestone is present along the western margin of
the township as far south as the south line of sec. 80. Care should be
exercised in using it for mapping structure, as there is a pronounced
divergence southward between it and the Lecompton limestone, and
a still more marked one between it and the top of the Elgin sand-
stone. (See stratigraphic section, fig. 6.)

PENNSYLVANIAN ROCKS BELOW THE SURFACE.

The unexposed rocks above the Mississippian limestone are of the
same general type as those which appear on the surface. (See fig.7.)
Sandstone and shale make about 90 per cent of the total above what
is known to the drillers as the Big lime (probably the Pawnee lime-
stone of the Kansas section). Below that horizon there is compara-
tively little sandstone, but there are massive beds of limestone and
much shale. Many of the sandstones in the upper part of the section
are water bearing, even on pronounced anticlines, and in some of the
synclines they yield great quantities of either salt or fresh water.
Most of these water-bearing sands are apparently lenticular, so that
wells some miles apart will not always get the water at the same
horizons. Two of the sands, however, appear to be present wherever
wells have been drilled in the township. The top of one of these
sands is commonly found from 160 to 230 feet below the middle bed
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of the Oread limestone, and ‘the

3 top of the other about 1,000 feet

lower. The upper one of these
sands carries fresh water in many
localities, but in the lower one the
water is invariably salty.

Either oil or gas has been found
in at least 13 distinct beds in the
wells that have been drilled in
this township. Most of these
beds contained only “showings,”
whichswere not large enough to be
commercially important, although
they indicate the possibility of
valuable production from the
beds in which they were found,
but several beds have been proved
to contain sufficient oil or gas to
amply justify the expense of drill-
ing and equipping wells. The Big
lime, the Fort Scott (* Oswego )
limestone, and a sand below the
Fort Scott have all yielded com-
mercial flows of gas and a little
oil. Below these beds a sand
which lies immediately on or a
very short distance above the
“ Mississippi lime ” yields both gas
and oil in favored localities. This
sand, which is regarded as a part
of the “ Mississippi lime” in the
field near Pawhuska and is called
the Bartlesville sand in the oil field
near the southeast corner of the
township, is the most productive
bed in the township. The rela-
tions of the beds in which oil or
gas have been recorded to the key
beds exposed on the surface is
shown by figure 8.

Besides the oil and gas bearing
beds mentioned above, there are
unquestionably deeper sands 200
feet or more below any which have
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been reached by drilling operations in T. 25 N., R. 9 E. The higher
of these deep-lying sands have been proved to contain both oil and
gas in other parts of the Osage Reservation, and it seems practically
certain that future deep drilling in this township will result in the
development of good yields from one or more of these lower beds.

STRUCTURE.
GENERAL FEATURES.

The structure in T. 25 N., R. 9 E,, is complicated. Viewed broadly
the beds dip a little north of west, but this regional tendency is so

FigURE 9.—B8ketch {llustrating an anticllne with a closure of about 30 feet.

obscured by the manner in which the beds are folded and faulted that
it is not in the least prominent.

The term “ closure,” which is used in the following descriptions of
the individual anticlines, may for all practical purposes be taken to
mean the vertical distance between the highest and lowest closed con-
tours on the anticline plus the contour interval. For example, if the
highest closed contour represents an elevation of 900 feet, the lowest
an elevation of 880 feet, and the contour interval is 10 feet, the clos-
ure is approximately 30 feet. (See fig. 9.)

LOOKOUT ANTICLINE.

The highest point of the Lookout anticline lies near the northeast
corner of T. 25 N, R. 9 E., and the fold outlined by the closed con-
tours covers territory in all four of the townships that corner here.
(See fig. 10.) The dips on all sides are sufficiently pronounced to be
detected without difficulty, and the closure is about 40 feet. The
area in which the structure seems favorable for the accumulation of
oil is about 2 square miles. This includes a projection or anticlinal

80703°—22——4
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nose which extends through the center of sec. 1 and covers much of
the S. 3 of sec. 2.

Two wells have been drilled on this anticline since the completion
of the field work on which. this report is based. One, in sec. 36, T.
26 N., R. 9 E,, obtained a large volume of gas in several of the shal-
lower gas-bearing zones and a very strong flow from the Fort Scott
(“ Oswego ”) limestone. A second well, in the SW. } sec. 31, T. 26
N., R. 10°E., was drilled through the horizons of the gas-bearing beds
of the well in sec. 36 and obtained oil in commercial quantity from
the “ Mississippi lime.” This was to be expected, as on another anti-
cline in sec. 35, T. 26 N., R. 9 E., less than 2 miles distant, wells rang-

ing in initial production from 25

&f to 150 barrels a day produce from

ff i &/ this oil-bearing zone, and it also
S| s |-. 7 1271 yields oil in sec. 10, T. 25 N.,
,.‘y . R. 9 E,, 3 miles to the southwest.

7 8 | o | w0 ﬂ'—‘%w\y To judge from the general shape
'c?’a ~7Z- : and size of this anticline and from
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# from which o1l may have migrated

o | 20 | o] 22 | e E—;}« to accumulate under the anticline,
~ & it does not appear probable that
08| 29 el 1 26 [if2s | any large yields will be obtained

N =

f" 2 - here. However, it does seem prac-
fjs' 2l 3 | hal| 35 2\ s tically certain that a large part of
2 \ the acreage covered by the anti-
FIGURE 10.—Sketch showing approximate cline will yield gas from the shal-
positions of the axes of anticlinal folds . .
inT. 25 N., R. 9 E. lower sands and oil and gas from
the deeper ones. There is also a
possibility of oil from the Big lime, the “ Oswego lime,” or some other
of the beds that have yielded showings of oil near by, as well as from

beds 100 feet or more below the top of the “ Mississippi lime.”

PAWHUSKA ANTICLINE.

The Pawhuska anticline, which is crowned by a domelike bulge,
covers the W. 3 sec. 3 and the E. } sec. 4. The total area covered by
beds that are distinctly arched is a little less than a square mile, but
the tendency of the structure to influence the accumulation of oil and
gas may extend over a considerably larger area. The highest part of
the fold is in the SE. } NW. } sec. 8, around which there is a closure
of 30 feet.

This anticline has already been extensively drilled. There are
several gas wells on its crest and east flank, and the gas field extends
across the synclines to the south and east and yields gas from beds
low on the flanks of the Prue anticline and the Lookout anticline,
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According to the records now available the wells have come in with
initial yields as high as 22,000,000 cubic feet a day, but estimates on
the flows of some of the first wells brought in place the initial pro-
duction as high as 40,000,000 cubic feet. Gas was encountered in a
number of sands above the Fort Scott (“Oswego”) limestone, but
the principal producing bed is a sand a little below the Fort Scott.
This sand gave good showings of oil in several of the wells, but never
enough to make oil production practicable. Two of the wells, in the
southeast corner of sec. 3, were drilled to the ¢ Mississippi lime”
without encountering additional oil-bearing zones. However,
neither of these wells is very favorably located with respect to the
structure. One of them is reported to have penetrated the lime to a
depth of almost 100 feet, which would insure its passing through the
oil-bearing beds of the wells to the northeast and the south, but it
can not be said that an adequate test of the oil-bearing possibilities
of the “ Mississippi lime ” under this fold has been made.

The west flanks of most anticlines in the Osage country are far
more likely to be productive than are the east flanks. If this holds
true for the Pawhuska anticling the most favorable territory on that
fold is still undrilled. The only well sunk on the west flank is in the
northeast corner of sec. 8 and is so far down the dip that it lies in
the trough of a syncline and hence is most unfavorably located. No
oil or gas was found in it. It seems quite probable that when the
portion of the anticline lying in the E. } and N'W. } sec. 4 is drilled
not only will productive gas wells be obtained, but commercial quan-
tities of oil may also be encountered in the sand which lies close be-
neath the Fort Scott (“ Oswego”) limestone, in the upper part of
the “ Mississippi lime,” or in some bed which lies more than 100 feet
below the top of the lime and has not yet been reached by the drilling
in this general region. A good location for a test is in the town site
of Pawhuska near the center of the SE. } sec. 4. This locality may
have been drained of a part of its content of gas by the old wells to the
northeast, but the deeper sands that were not touched by those wells
should be productive. If the well is located on top of the hill the
Big lime should be struck at a depth of about 1,500 feet, the “ Os-
wego ” at about 1,650 feet, and the “ Mississippi ” at about 2,050 feet.
The drilling should be carried to a depth of 2,400 feet unless oil is
encountered at shallower depth. A second location for a test is about
2,600 feet east of the west line and 1,300 feet south of the north line
of sec. 4. A third good location is a little east of the center of the
SE. } SW. } sec. 4.

GIBSON DOME.

The Gibson dome is a small anticlinal bulge that lies mainly in the
northwest corner of sec. 5 and the northeast corner of sec. 6, T. 25 N.,
R. 9 E., and extends into the southeast corner of sec. 31, T. 26 N.,
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R. 9 E. The crown of the dome lies across the line between secs. 5
and 6. The closure is about 20 feet. The area included within the
lowest closed contour is little more than a quarter of a mile, and it
appears doubtful if the fold is pronounced enough to influence the
accumulation of oil or gas over an area of more than half a section.

The eastern flank of this dome is cut by small faults that have a
maximum throw of about 25 feet. This displacement is so small
and the lateral extent of the breaks is so slight that it does not appear
probable that they will affect in any way the oil-retaining possibilities
of the fold, but if they do the modification is of such a nature as to
make the oil or gas reservoir more effective than it would be if the
faults were absent.

This dome has never been drilled. A test which was made in the
extreme southwest corner of sec. 6, a mile from the crown of the
fold, was carried to the “ Mississippi lime ” without obtaining either
oil or gas in commercial quantity. In fact, the record of this test
does not mention even showings of oil or gas.

Conditions are favorable, so that drilling is amply justified. A
good location is near the center of the NE. } sec. 6. An alternative
location is the extreme northeast corner of sec. 6. If the well is
located on the limestone capping the hill, the “ Oswego lime ” should
be struck at a depth between 1,850 and 1,900 feet and the “ Missis-
sippi lime ” between 2,300 and 2,400 feet.

DUCOTEY ANTICLINE.

The Ducotey anticline is a large fold of irregular shape, whose
axis trends in a curved line from the SW. } sec. 17 to a point a little
north of the quarter corner between secs. 10 and 15, where it is lost
in a long, flat saddle. The general outline of the axis is’that of a
crescent with the tips pointing northwest and northeast. (See

. 10.)
ﬁgThere are four distinct domelike humps separated by short saddles
on the axis of this anticline, and its flanks are indented by many
minor marginal synclines of irregular size and outline. It is, how-
ever, definitely bounded on the north by the axis of a major syncline
that follows very closely the bed of Bird Creek, on the west and
northwest by a monocline that dips west across Clear Creek from a
line about a mile east of the creek bed, on the south by a synclinal
depression that crosses the southern parts of secs. 20, 21, and 22, and
on the east by flat-lying beds that limit it near the east line of sec.
15. The four highest points on this anticline are in the SE. } sec.
17, the NW. 1 NE. } sec. 21, the SE. $ SW. } sec. 15, and the NE.
NW. } sec. 15.

Several faults break the surface beds on this anticline, and three
of them are so large that probably they also affect the rocks at the
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depth of the oil and gas-bearing beds. One of these faults trends
northwestward across the extreme northeast corner of sec. 20 and
the SE. } sec. 17 and has a downthrow to the southwest of 25 feet
in maximum amount. A second trends north-northwestward across
the west side of sec. 16. The downthrow on this fault is to the
northeast and is a little more than 20 feet at the point of maximum
displacement. The third large fault crosses sec. 15 near the middle
of the section. The maximum displacement along this fault is in
the southeast corner of the section, where the beds are dropped about
45 feet to the northeast.

Several wells have been drilled on the flanks of this anticline, but
with a single exception they are so far down toward the bordering
synclines that their failure to obtain either gas or oil in paying
quantity is fully explained. The single exception is a test which was
drilled in the NE. } NW. } sec. 15, squarely on the crown of the
easternmost of the humps which cap the axis of the anticline. It
is reported that this well was carried deep enough to penetrate the
“Mississippi lime” for at least 50 feet without encountering com-
mercial amounts of either oil or gas, although there were showings
of both. A fault passes immediately west of the well and may
reach the oil-bearing sand with a displacement sufficient to seal it
effectually so that little or no oil or gas could get to the vicinity of the
well. However, it is much more likely that the failure of this well is
due to local sand conditions, or to the fact that the structure in depth
does not parallel that on the surface.

The Ducotey anticline is worthy of very complete testing. Good
locations are the NE. } SW. } sec. 15, about the center of sec. 17,
the center of the NE. } NE. } sec. 20, and the NW. } NE. } sec. 21.

PRUE ANTICLINE.

The Prue anticline is a long, relatively narrow fold whose axis
trends approximately east near the middle of secs. 11 and 12. The
area encircled by the lowest closed contour on this fold is only about
a square mile, in spite of its length of more than 2 miles, and the
closure of 10 feet is insignificant. On the west a saddle separates
this anticline from the Ducotey anticline. On the east the outline
of the fold is lost under the alluvium of the Bird Creek valley. On
the north the rocks dip steeply toward the axis of the syncline that
separates this fold from the Pawhuska anticline.

Three faults cut the Prue anticline, but none of them is large
enough to have any appreciable effect on the accumulation of oil
or gas unless it is a good deal more pronounced in depth than it is
on the surface.

Some successful drilling has been done on this anticline. Two
wells located very close to the axis in sec. 10 had initial yields of
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20 and 25 barrels from the “ Mississippi lime.” An offset to one of
these wells did not make enough oil to be put on the pump but was
shut in as a gasser. Two other wells drilled near by had showings
of both oil and gas but not enough to make them of value. Besides
these wells five others have been bored on the southern flank of the
fold. One of them, in the south-central part of sec. 11, was fuvorably
located with respect to the structure, but although it showed some
gas there was not enough to justify maintaining it, and it was
abandoned.

Though this anticline does not appear to promise large wells, a
considerable number of wells 6f moderate productivity will probably
be drilled on it ultimately. Gas may be hoped for at any one of five
horizons, ranging from 900 feet above the “ Oswego lime” to about
100 feet below the top of the “ Mississippi lime,” and oil may be
looked for either in the bed immediately overlying the “ Mississippi
lime” or in a bed at greater depth.

Good locations for testing are 500 feet south of the center of the
NW. } sec. 11 and about 1,300 feet west of the east quarter corner of
sec. 12. These tests should be carried to a depth of at least 2,300 feet
if they are to be adequate.

OKAY ANTICLINE.

The axis of the Okay upfold trends from north to south near
the center of sec. 31. (See fig. 10.) The anticline is not particularly
prominent, for though the dips to the north and west are pronounced,
those to the east and south are both gentle and small in vertical
extent. The slightest dip is to the south, where the highest point of
the saddle that limits the fold on the south is only about 20 feet
below the highest point on the anticline.

The possibilities of this anticline are hard to forecast. No drilling
has been done within several miles, so the position and character of
the possible oil sands here can only be guessed. To judge from the
conditions found in the nearest wells there will probably be little
or no sand at the horizon generally ascribed to the Bartlesville sand,
a short distance above the “ Mississippi lime.” Accordingly oil must
be looked for either in higher beds, particularly in the Fort Scott
(“ Oswego ) limestone and the sand a little below the Fort Scott,
from which the heaviest flow of gas in the Pawhuska field is ob-
tained, or in beds associated with the “ Mississippi lime,” partic-
ularly one just capping the lime and a second 90 to 120 feet lower.
Drilling 6 miles to the east has indicated that a third possibly pro-
ductive bed may be expected still deeper in the lime.

A good location for a test appears to be the center of sec. 31. A
well located here should strike the Fort Scott limestone between 1,750
and 1,800 feet below the surface, and the “ Mississippi lime ” between
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2,100 and 2,200 feet. A second location is the northeast corner of
the NW. } sec. 31. The beds mentioned above will be found to lie
a little farther below the surface here than in the center of the section.

WOOSTER ANTICLINE.

The Wooster anticline is a pronounced fold of very irregular out-
line. The main axis runs in a curving line from the center of the
south line of sec. 32 to the center of the east line of sec. 27. Near the
middle of sec. 27 this main axis is cut by that of a minor transverse
fold which extends north into sec. 22 and south into sec. 34. The
branch that runs into sec. 34 is further modified by a small domelike
fold to the west of the axis of the larger anticline. The uplift as
a whole might be described as an anticline capped by four domes, as
there are four domelike dwellings strung along the axis of the major
fold and definitely separated by structural saddles.

The territory covered by the distinctly anticlinal structure—that
is, by beds which are unquestionably arched—is about 3 square miles
in secs. 27, 28, 32, 33, and 34. Not all this area will necessarily yield
oil or gas, nor will the production of oil or gas necessarily stop within
the limits of the sections mentioned. However, the structure in the
territory mentioned is unquestionably of a nature to induce the ac-
cumulation of oil or gas, and it is to be hoped that at least a large part
of this territory will ultimately prove productives If this hope is
realized it also seems fair to expect that the producing sands will be
found to extend westward beyond the limits given above, as the gen-
eral experience in the Osage country is that oil is found much farther
down on the west flanks of anticlines than it is on the north, east,
or south flanks

The proximity of this anticline to the producing wells in secs. 25,
26, 35, and 36 leads to the hope that conditions similar to those in
the producing wells will be found under the Wooster anticline. If
so, the oil will probably come from the sand known locally as the
Bartlesville, which lies just above the “ Mississippi lime,” although
thert are also chances of production from shallower sands, notably
one 300 feet and another 900 feet above the Bartlesville (?) sand.
The depth at which the sands will be encountered will depend on the
topography, but in no well drilled on this fold should the Bartles-
ville (?) lie more than 2,200 feet below the surface.

There appears to be a strong possibility that oil sands lying from
100 to 300 feet below the Bartlesville (?) may be present, and at
least one well-located test should be carried to a depth sufficient to
prove the character of these lower beds.

Good locations for testing are indicated by the structure to be the
southeast corner of the NE. } NE. } sec. 82, the southwest corner of
the NW. 3 SE. } sec. 28, the center of sec. 27, and the center of the
SW. } sec. 34.
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SAUCY CALF ANTICLINE.

The curving axis of the Saucy Calf anticline trends northward
through the western part of secs. 36 and 25 and terminates a little
north of the center of sec. 24. (See fig. 10.) The structure is marked
by pronounced dips on the north, west, and south, but the dip on the
east is much more gentle. The closure is about 25 feet. The anti-
cline is a moderately large one, as the lowest closed contour encircles
an area of about 1} square miles, and the area in which the rocks are
flexed into an anticlinal arch is considerably greater.

A group of wells on the crest and east flank of this anticline obtain
oil from the “Oswego lime” and Bartlesville () sand. Showings of
oil and gas have been found in other sands, but not in sufficient quan-
tity to justify their exploitation. The initial production from the
Bartlesville sand ranged from 20 to 1,000 barrels a day ; the “ Oswego
lime ” yielded from 6 to 20 barrels a day. The condition of the sands
beneath this anticline appears to be peculiar, for some of the biggest
wells are far down the east flank, where structural conditions as
shown by the surface rocks are not particularly favorable for oil ac-
cumulation, whereas the only two dry holes that have been drilled are
excellently located with respect to the surface structure. For this
reason it appears probable that the dry holes do not in any sense
mark the borders of the field, but that drilling beyond them may re-
sult in further production.

The chances are excellent that a large area on this anticline will
yield oil. The present field will probably be extended in every di-
rection. The oil sand may even continue to yield under the shallow
syncline that bounds this anticline on the east, although the percent-
age of oil to gas will grow less and less as the drilling is carried east-
ward until nothing but gas is obtained, this field being thus joined
with the small gas field that has been opened in the extreme south-
east corner of sec. 36 and in the sections lying immediately east and
southeast of sec. 36.

A deep well that was drilled about a mile southeast of the oil
field in -sec. 36 proved the presence of a gas-bearing layer more than
200 feet below the lowest producing bed in this field, and it is highly
important that wells be drilled deep enough on the Saucy Calf anti-
cline to test this layer and the beds for some distance below it. This
will involve drilling to a depth of 2,400 feet or more.

UNFAVORABLE AREAS.

When the structure of T. 25 N., R. 9 E,, is considered in a general
way it appears that a very large part of the township lies in a zone
of marked deformation. This indicates weakness in the rocks or un-
usual deformational stresses in this restricted zone, or both. In any
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event it seems probable that the crumpling of the beds has been going
on for a long period—probably since pre-Pennsylvanian time—and
that the deep-lying beds accordingly have many wrinkles which do
a0t appear on the surface. The general experience in the Osage
region is that these zones of deformation are very likely to contain
many pools of oil and gas which are to a certain extent independent
of the minor structural features developed at the surface, and accord-
ingly there are few localities in such a zone which are not worthy of
2 test by drilling. However, one or two districts in the township
appear so distinctly unfavorable that it seems best to point them out.
Among them is that part of the Bird Creek syncline which follows
the course of Bird Creek from the east-central portion of sec. 5 to the
center of the NE. } sec. 9. No part of sec. 7 appears promising, and
the W. } sec. 18, the N. § sec. 19, and the W. } sec. 20 fall in the same
category. The broad, flat area which includes the S. } sec. 12, N. } sec.
13, and the N. } sec. 14 seems to be decidedly unfavorable. The syn-
cline which covers the SE. } sec. 34, and the W. } sec. 35 should be
avoided, as should also the SE. } sec. 33. Although it is not impos-
sible that oil will be found in any of these unfavorable districts, it
seems most likely that no commercial quantities will be obtained. At
best they should be left undrilled until the remainder of the township
has been explored, and even then they should not be drilled unless
the conditions in some adjoining areas are so favdrable as to indi-
cate that they contain the extensions of some previously discovered
pools,
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T.28 N, RS.9AND 10E.; T.29 N, R. 10 E.
By C. F. Bowen.

STRATIGRAPHY.

EXPOSED ROCKS.
THICKNESS AND GENERAL CHARACTER.

The rocks exposed in T. 28 N., Rs. 9 and 10 E,, and T. 29 N, R.
10 E. (see fig. 1), are illustrated graphically in figure 11. They have
an aggregate thickness of about 650 feet and are of upper Pennsylva-
nian age. Above the Elgin sandstone there are numerous beds of
limestone and some of sandstone interstratified with shale. Below
the Elgin sandstone the rocks exposed consist mainly of sandstone
and shale with only a few beds of limestone. InT.28 N,, R.9 E,,
that part of the section above the base of the Wynona sandstone
is exposed. In the other two townships the Elgin sandstone is the
highest exposed formation. A detailed discussion of the stratigraphy
and the grouping of formations will be given in the final report on
the Pawhuska quadrangle. The present discussion is confined to the
principal key beds used in mapping.

KEY BEDS.

The key beds of most value in working out the structure in this
area are, in ascending order, the lower Fusulina-bearing limestone,
the Labadie limestone, the middle bed of the Oread limestone, and
the Lecompton, Plummer, Deer Creek, Crypfozoon-bearing, and upper
Fusulina-bearing limestone members of the Pawhuska limestone.
The outcrops of the lower Fusulina-bearing limestone, the Labadie
limestone, the middle bed of the Oread limestone, and the Deer Creek
limestone are shown on the map (Pl. VIII),

Other beds that may be used locally in studying the structure are
a bed of ledge-making sandstone about the middle of the Elgin sand-
stone, the Wynona sandstone, and the two thin limestones below it,
several sandstones between the Wynona sandstone and the Labadie
limestone, and the top part of the sandstone between the Labadie
limestone and the lower Fusulina-bearing limestone.

Lower Fusulina-bearing limestone.—The lower Fusulina-bearing
limestone is a thin-bedded limestone 2 to 4 feet thick, containing an
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abundance of long slen—
der Fusulinas, which in
places constitute most
of the rock. In many
places its weathered sur-
face has a slightly red-
dish tinge that is appar-
ently due to infiltration
from the red shale imme-
diately above it. Locally
it becomes more or less
sandy or grades into cal-
careous sandstone. In
most places it rests di-
rectly on a thick bed of
sandstone, whose outcrop
is marked by a line of
trees. Above the lime-
stone there is commonly
a thin bed of reddish
shale, overlain by about
20 feet of sandstone with
some interbedded shale.
The outcrop of the lime-
stone is not conspicuous
and can not be seen from
a distance. After its re-
lation to the sandstones
above and below it has
been learned, it can usu-
ally be found by careful
searching, even in places
where 1t does not crop
out continuously. It is
exposed chiefly along the
margins of the valleys of
Pond Creek and Caney
River and is well ex-
hibited in the dugway
of the wagon road near
the top of the hill on
the south side of Pond
Creek near the southeast
corner of sec. 2, T. 28 N,
R.10E.
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Labadie limestone.—The Labadie limestone is about 175 feet below
the middle bed of the Oread limestone and 65 feet above the lower
Fusulina-bearing limestone. It is 8 to 10 feet thick on the point
south of Mission Creek in the NE. § sec. 36, T. 28 N., R. 10 E., but
a mile north of that place it is not more than 3 or 4 feet thick. Where
best developed the Labadie is a crystalline limestone with a steel-gray
color on the fresh surface; on the weathered surface the upper part
is brownish and the lower part gray. It is not prolifically fossilifer-
ous but contains some small, plump, rounded brachiopods. Asshown
on the map (Pl. VIII), this limestone crops out only in the southeast
corner of T. 28 N., R. 10 E. Toward the north it thins so rapidly
that it can not be recognized north of the east quarter corner of sec.
24, but a limestone about 2 inches thick at about the same horizon
as the Labadie was seen at several places farther north in Tps. 28 and
29N, R. 10 E.

Oread limestone.—In this area the Oread limestone is represented
by the upper and middle limestones of the Oread of Kansas, the lower
limestone of the Kansas section not being present. The middle
limestone of the Oread is one of the best key beds in the area hers
described. It is a dense, fine-grained limestone about 18 inches
thick, that has a steel-blue color on the fresh surface and weathers to
a dirty yellow. It breaks into wedge-shaped joint blocks and is
sparingly fossiliferous; the most distinctive fossil is a small species of
Fusulina. Insome places this characteristic part of the bed is over-
lain by a small amount of fine lyconglomeratic limestone. The lime-
stone is remarkably constant in thickness and lithologic character
throughout the area and is so characteristic that it can not be mis-
taken after having once been seen. The outcrop of this bed is shown
on Plate VIII. _

The upper bed of the Oread limestone ranges from a few feet to 16
feet in thickness. It is a thin-bedded ledge-making gray limestone,
and where best developed the upper part (about 7 feet) weathers
brown and the remainder white. The lower part contains in places
an abundance of two species of corals, Campophyllum torquium and
Syringopora multilineata. The former is a single coral, the individ-
uals of which may be as much as an inch in diameter and several
inches long. The latter grows in colonies, some of which are 6 inches
or more in diameter, and in longitudinal section exhibits a mass of
long, slender tubes resembling organ pipes. In addition to the corals
there is a species of Fusulina larger than that found in the middle bed.
The interval between this bed and the middle bed of the Oread
ranges from 25 feet at Artillery Mountain, in the SE. } sec. 21, T. 29
N., R. 10 E. (see column 2, fig. 11), to 90 feet at Tinker Hill, in the
SW. } sec. 30 (see column 1, fig. 11). This increase in interval be-
tween the two limestones is taken up in part by an increase in the
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thickness of the shale between them but chiefly by the wedging in
of sandstones that thicken to the south and west. As the sandstones
thicken the upper bed of limestone thins somewhat and finally disap-
pears rather abruptly between two beds of sandstone near the center
of sec. 35, T. 29 N., R. 9 E. About 3 miles farther south, along the
west side of Pond Creek, in secs. 14, 15,and 22, T.28 N., R.9 E., a
lens of limestone, traceable for about 1 mile, having all the marks of
the upper bed of the Oread and at about the same horizon, occurs
between two beds of sandstone. The upper bed of the Oread has
not been found south of Pond Creek.

Lecompton limestone.—The Lecompton limestone, the lowest lime-
stone member of the Pawhuska limestone in this area, is about 190 feet
above the middle bed of the Oread limestone and about 25 feet above
the Elgin sandstone. The Lecompton consists of three beds of lime-
stone separated by beds of shale, the whole about 12 feet thick. These
limestones are gray and weather to a somewhat lighter color on the
exposed surfaces, except that the upper part of the middle bed, and to
some extent the lower bed, also weathers to a bright yellow. Fossils
are abundant in some places and consist principally of large corals
(Campophyllum) and ricelike Fusulina. This limestone generally
crops out at the base of the slope above the Elgin sandstone and
below the terrace formed by the Deer Creek limestone.

Plummer limestone.—The Plummer limestone member of the
Pawhuska limestone consists of two thin beds, each about 1 foot
thick, separated by about 5 feet of shale. The upper limestone,
which makes the better key bed of the two, is about 35 feet above the
top of the Lecompton limestone and consequently about 225 feet
above the middle bed of the Oread limestone. The two beds of the
Plummer are similar lithologically; the limestone is dense and fine-
grained, has no apparent bedding planes, and is steel-gray to black on
the fresh surface but slightly tinged with yellow on the weathered
surface. It commonly crops out in the slope below the terrace
formed by the Deer Creek limestone, from the base of which it is
separated by about 5 feet of shale, and weathers out in large blocks
which generally strew the slope. In places where the Deer Creek
limestone has been eroded the upper bed of the Plummer may give
rise to a more or less conspicuous terrace.

Deer Creek limestone.—The Deer Creek member of the Pawhuska
limestone is 10 to 15 feet thick, and its upper surface is 15 to 20 feet
above the Plummer limestone. The Deer Creek is a gray fossiliferous
thin-bedded limestone, the lower part of which weathers white, is more

_resistant to erosion than the upper part, and commonly forms a rather
prominent ledge bordering a broad sloping terrace, on the surface of
which are many large white irregular slabs of the limestone. Above
this white portion the limestone weathers gray with brown blotches,
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which are especially prominent in a bed near the top containing an
abundance of large Fusulina. This Fusulina-bearing bed makes one
of the best key beds in the Deer Creek limestone. On the whole, how-
ever, this limestone is too thick to constitute a good key rock, and
more accurate results can be obtained by using the Plummer lime-
stone below. The Deer Creek limestone is the most prominent mem-
ber of the Pawhuska limestone, and its outcrop is therefore shown
on Plate VIII.

Cryptozoon-bearing limestone.—About 12 feet above the Deer
Creek limestone is a limestone about 1 foot thick, characterized by
fossil Cryptozoa. This limestone is dense and fine grained and has
a black color, which becomes dirty gray on the weathered surface.
Because of the fossils that it contains it is readily distinguished from
any other limestone in the area where it is exposed and is therefore
a valuable bed on which to obtain elevations on the terrace above
the Deer Creek limestone.

Upper Fusulina-bearing limestone.—About 35 feet above the Crypto-
zoon-bearing limestone and therefore about 47 feet above the top of
the Deer Creek member is a gray limestone less than 6 inches thick
that contains an abundance of small, slender Fusulina. It is abou;
9 feet below the topmost member of the Pawhuska limestone and is
of value chiefly in establishing the identity of this upper member,
which is commonly referred to as the ‘‘red lime’’ because of its
rusty-red to brownish-gray color.

UNEXPOSED ROCKS.

General character.—The character of the rocks not exposed at the
surface and their relation to those that are exposed are shown in
columns 1-5, Plate IX. The best key bed of the unexposed rocks
of this area is the * Oswego lime”’ of the drillers (Fort Scott limestone).
It ranges from 50 to 100 feet in thickness and it is broken into three
members by two thin beds of black shale generally about 5 feet
thick. (See column 3, Pl. IX.) These shales are reported in so
many well logs that they seem to be constant and would probably
be recognized by all drillers who made careful observations. From
250 to 350 feet below the base of the ‘“Oswego’’ is the top of the
“Mississippi lime.”” About 100 to 150 feet above the top of the
““Oswego lime’’ is a limestone commonly called the Big lime. This
is not so good a key bed as either the ‘‘ Oswego lime’’ or the ¢ Mis-
sissippi lime.” | In some parts of the area where drilling has been
done the Big lime seems to consist of a single bed 50 to 100 feet
thick; in other places there are two beds of limestone each 40 to 50
feet thick separated by about 50 feet of shale. Some drillers refer
to these beds as the Big lime and second Big lime. In still other
places there seem to be several beds of thin limestone between the

9
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horizon of the top of the Big lime and the ‘‘Oswego lime.” Anc
bed that seems to be rather constant throughout the area is a 1
water-bearing sandstone (No. 4 of column 6, Pl. IX), which «
monly contains some gas in its upper part. The top of this sands
is approximately 700 feet above the ‘“Oswego lime.” The o
unexposed rocks are sandstones, shales, and thin limestones ha-
no distinctive characteristics.

Oil and gas bearing beds.—The beds in which oil and gas h
been encountered in drilling are shown in column 6 of Plate
They include the Big lime, the ‘‘ Oswego lime,” and the ‘‘ Mississi
lime’’; two or three thin sands between the ‘‘ Oswego lime’’ and -

“ Mississippi lime’’; at least two sands between the ‘‘Oswego’’ &
Big limes, either of which is called the Peru sand by the drillers; a
several thin sands above the water-bearing sand described abo
The Bartlesville sand is not generally recognized in this area.
may be represented in part by a thin sand that lies just above t
the ‘‘ Mississippi lime,” and is referred to as the Bartlesville, Burge:
or Tucker sand by some drillers but is commonly not designated 1
any distinctive name.

The productive oil beds are the ‘‘Mississippi lime,” two sanc
(Nos. 9 and 10) ' between the ‘“Oswego lime’’ and the second Bi
lime, a sand (No. 7) between the second Big lime and the Big hrm
and probably the Big lime itself. :

The “M1s31331pp1 lime”’ is the productive gas bed, but gas has a.lsc:
been found in quantities of as much as 6,000,000 cubic feet a da;_j_
(initial production) in the “ Oswego lime” and the second Big limez
A thin sand (No. 5) about 150 feet above the Big lime generally con-
tains a small amount of gas. In one well a daily yield of 3,000,000>
cubic feet of gas was reported from the top of the thick water-bearmg\
sand (No. 4) 700 feet above the ‘‘ Oswego lime,” but so large a y1eld~
does not seem common at this horizon, most dnllers simply reporting -
“gas’’ or ‘‘show of gas’’ from this sand. Two thin sands (Nos. 1 and -
2) above the water-bearing sand contain traces of gas in some places. :

STRUCTURE.
GENERAL ATTITUDE.

The rocks in this area show the low regional westward dip common
to this part of Oklahoma. This dip is most pronounced in T. 28 N.,
R. 9 E. There are, however, many local exceptions to this general
attitude in which the beds dip to the north, south, or east. These
exceptions, especially those that involve a reversal or eastward dip
in the rocks, are of particular importance to the oil geologist and
driller, because they give rise to structural conditions favorable for
oil and gas accumulation.

-

! These numbers refer o the corresponding beds in column 6, 'L 1X,
®
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The structure contours on Plate VIII, which depict the attitude
of the rocks as seen at the surface, are drawn on a plane 20 feet
below the middle bed of the Oread limestone.

ANTICLINES AND DOMES.
POND CREEK DOME.

In the following descriptions the anticlines and domes that have
been drilled and developed are discussed first:

- The Pond Creek dome covers an area of about 10 square miles

lying mainly in the southeast quarter of T. 29 N., R. 10 E,, and the
northeast quarter of T. 28 N., R. 10 E. It is roughly circular in
outline, with minor modifications on the west and southwest. It
has a closure on the east of about 40 feet, and its crest lies near the
center of sec. 3, T.28 N., R. 10 E. It has long, gentle slopes on the
north, south. and east but comparatively steep slopes on the west,
especially in the lobe projecting up Pond Creek, where the slope
amounts to 70 feet in about half a mile. The long uninterrupted
slopes to the north, south, and west afford a large collecting area
from which a supply of oil and gas might have accumulated. As
indicated by the wells whose locations are shown on Plate VIII,' the
central part of the dome, covering an area of about 3 square miles,
has been extensively developed by the Roxana (formerly Belmont)
Petroleum Co., L. C. Duffield, and Foster & Davis. Other scattering
wells have been drilled over a considerably larger area, especially to
the south and east.

On the top of the dome, in secs. 34 and 35, T.29 N., R. 10 E., and the
N. i sec. 3, T. 28 N., R. 10 E,, the oil has been obtained chiefly from
sands 9 and 10 (see footnote, p. 48) between the second Big lime and
the ““ Oswego lime,” but some wells are reported to have obtained their
oil from the Big lime. In this same area the gas has been obtained
chiefly from the ‘ Mississippi lime,” though some wells have obtained
considerable quantities of gas from the Big lime and the ‘“Oswego
lime.”” On the lower slopes of the fold, as at the south side of sec. 2,
in the NW. } sec. 3, and in secs. 10 and 11, T. 28 N., R. 10 E., so far
as drilling has progressed, the shallow sands are dry and oil is obtained
from the ‘ Mississippi lime,” which is either barren of gas or contains
only a small quantity near the top of the limestone. An exception
to this condition seems to exist on the eastern slope of the dome,
where the ‘‘Mississippi lime’’ carries gas to the very bottom of the
syncline and shows only traces of oil. These conditions indicate
that in the shallow sands which do not contain gas the oil has accu-
mulated on the crest and upper slopes of the fold, but that in the

! Most of the wells shown on the map were located during the progress of the fleld work; those not so
located have been taken from plats furnished by the Bureau of Mines and the Empireand Barnsdall oil
companjes
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‘ Mississippi lime,” which carries both oil and gas, the gas has accu-
mulated chiefly on the crest and upper slopes of the fold and the oil
on the lower slopes. This distribution of oil and gas in the same bed
should be kept in mind when other folds in this area are drilled, for
it is quite probable that where gas is found at the top of a fold oil will
be found in the same bed farther down the slope, but where oil is
found at the crest the same bed is likely to contain less oil or be dry
or carry water farther down the slope.

The initial daily production of oil from the shallow sands ranges
from about 10 to 260 barrels. From the “ Mississippi lime”’ the initial
daily production of oil is from 10 to 30 barrels and that of gas from
1,000,000 to 11,000,000 cubic feet.

The limits of the productive area of the Pond Creek anticline have
not yet been determined. On the north and south slopes no dry
holes have yet been drilled. On the west slope one dry hole has
been obtained in the SW. } NE. } sec. 5,T.28 N.,R. 10 E., below the
belt of steep dips shown on Plate VIII. As no record has been ob-
tained for this well it is not known whether or not it was drilled to
the ‘““Mississippi lime,” which it is necessary to reach in order to
insure a complete test in this area. Since the field work was com-
pleted a dry hole (not shown on Pl. VIII) has been drilled near the
northwest corner of sec. 12, T. 28 N., R. 10 E., seeming to indicate
that the limit of the productive area on the southeast has been
reached. On the east slope gas has been obtained from the ¢ Missis-
sippi lime” in the bottom of the small syncline at the east side of
sec. 1, T. 28 N, R. 10 E., which indicates that the sands will probably
be productive across this shallow depression to a small dome about
half a mile farther east. To the north, in sec. 36, T. 29 N, R. 10 E,,
two dry holes and one yielding only a small quantity of gas have been
drilled. These holes were all drilled to the ‘Mississippi lime” and
therefore indicate that on the northeast the productive area does not
extend into the depression at the east side of sec. 38.

Columns 2 and 3 of Plate IX are logs of two wells drilled near the
crest of the Pond €Creek dome. They show the productive beds and
the depths at which they occur.

WEST TURKEY CREEK ANTICLINE.

The West Turkey Creek anticline is a narrow fold about 2 miles
long from northwest to southeast, lying mainly in secs. 13 and 24,
T. 29 N, R. 10 E. It is practically continuous on the west with the
broad, low North Caney River anticline. The east limb of the fold
is broken by a small fault that trends north. The contouring of this
anticline is based entirely on elevations taken on massive sandstones,
which over a part of the fold are covered by a heavy growth of tim-
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ber. Most of the work was done by M. 1. Goldman, who also mapped
the township to the east.

The Roxana Oil Co. and Mallory & Stewart have drilled about 14
wolls on the west slope of this anticline, chiefly in the E. % sec. 23 and
the NW. } sec. 24. All but two of the oil wells shown on Plate VIII
obtained their oil from a shallow sand (No. 7) below the Big lime
and had an initial daily production of 25 to 60 barrels. A well about
600 feet west of the east quarter corner of sec. 23 was drilled to the
“ Mississippi lime”’ in the expectation of finding gas but obtained
instead a much larger supply of oil than is obtained from the shallow
sand. Another well, near the southwest corner of the NW. } sec. 24,
a log of which is shown in column 4, Plate IX, obtained oil in the
shallow sand and both oil and gas in the ‘‘Mississippi lime,”” but the
quantity is not given in the well log. The depth to the shallow sand
in these wells is about 1,080 feet and to the ‘“ Mississippi lime’’ about
1,770 feet. These two examples indicate the desirability of drilling
to the ‘‘Mississippi lime’’ after the shallow sand has been exhausted
or where it is found to be dry.

The limits of production on the northeast will probably not reach
the depression in the NE. } sec. 13, as two dry holes, at least one of
which reached the ‘‘ Mississippi lime,” have been put down there and
another in the northeast corner of sec. 24. On the southwest a dry
hole in the Mississippi lime” was drilled in the northeast corner of
sec. 26 and one in the shallow oil sand near the south quarter cornes
of sec. 23. About 4,000,000 cubic feet of gas (initial production)
was obtained from the ‘Mississippi lime”’ in a well about the center
of the SE. } sec. 23.

NORTH CANEY RIVER ANTICLINE.

The North Caney River anticline crosses the Oklahoma-Kansas
line at the north side of sec. 16, T. 29 N., R. 10 E., and continues
southeastward into secs. 15, 14, and 23, where it merges with the West
Turkey Creek anticline. From the point where it crosses the State
line this fold continues on the Kansas side in a direction slightly
north of west, probably to a point about north of the north quarter
corner of sec. 18, and therefore within a mile of the town of Elgin,
Kans. So far as could be determined, the fold has no easterly dip
and is therefore in the nature of a ‘“nose” pitching to the northwest.
Its relation to the structure on the north was not determined, but on
the southwest there is a large gathering ground from which oil and
gas may have been obtained.

The greatest development in this fold has been in the N. } secs. 15
and 16 and northward across the Kansas line. With one exception
the wells on the Oklahoma side have all been gassers that obtained
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their supply from the ‘‘Mississippi lime,” which was reached at a
depth of 1,700 to 1,775 feet, the depth depending on the topographic
location of the well. In several of the gas wells a show of oil was also
obtained from the ‘‘Mississippi lime.” A well drilled about 900 feet
west and 500 feet south from the north quarter corner of sec. 16,
and therefore somewhat farther down the slope than the other wells
shown on Plate IX, obtained an initial production of 25 barrels of oil
and 100,000 cubic feet of gas from the ‘‘Mississippi lime.”” The gas-
producing area extends southeastward probably without interruption
to the Turkey Creek anticline. Dry holes in the valley of Caney
River in sec. 21, one of which is known to have reached the ‘' Mississippi
lime,” indicate that the productive area will probably not extend as
far south as the shallow syncline lying just north of the river. If the
conditions are the same in this fold as in the Pond Creek dome, oil
should be found in the ‘‘Mississippi lime’’ between the area of gas
production along the crest of the anticline and the bottom of the
syncline to the south.

WEST MISSION CREEK DOME.

The West Mission Creek dome lies in secs. 26, 27, and 34, T. 28 N.,
R. 10 E. It is oval in outline, and its major axis has a northeast-
southwest extent of about 2 miles. The crest of the dome lies near
the east side of sec. 27, and it has a closure on the east of about 40
fect. The slopes to the south and west are steep, especially in their
lower parts; that to the north is gentle, merging with a broad terrace.
The fold is limited on the southeast by a deep syncline that separates
it from the East Mission Creek dome, on the southwest by a narrow
saddle that separates it from a large anticline in T. 27 N, R. 10 E.,
and on the west by a shallow depression that separates it from the
Rattlesnake anticline. The chief area from which oil and gas may
have been gathered for the West Mission Creek dome is therefore the
broad, flat terrace to the north, and smaller quantities may have
accumulated from the territory near by on the west.

The dome has been partly developed by the Osage Netural Gas Co.,
whose wells are mainly on the crest and north slope of the fold. No
oil has been obtained; the initial daily production of gas ranges from
750,000 to 4,500,000 cubic feet and is obtained from the ‘‘Mississippi
lime’’ at an average depth of about 1,900 feet. Traces of oil from
sands 7, 10, and 14 and also from the ‘‘Mississippi lime’’ have been
reported in the logs of some of the wells. A log of one of these wells
is shown in column 5, Plate IX.

Dry holes which reached the ‘‘Mississippi lime’”’ have been put
down in the syncline to the south, in secs. 25 and 35. It is probable,
therefore, that the productive area will not extend to the base of the
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steep slope on the south. The dry hole near the south quarter corner
of sec. 27, which seems to have reached the ‘‘Mississippi lime,” is
difficult to explain, as it is located practically on the crest of the fold.
At least one other hole should be drilled on the west end of the dome
before it is abandoned. The dry hole a little northeast of the west
quarter corner of sec. 26 has no significance, as the tools were lost,
and the hole was abandoned at a depth of 695 feet. The other two
dry holes on the north slope of the dome, in secs. 26 and 27, reached
the ‘‘Mississippi lime’’ and therefore seem to be fair tests. From
the evidence at hand it seems that the prospects of obtaining oil in
the ‘‘Mississippi lime’’ on the lower slopes of this dome are not so
good as in the other folds thus far discussed. Should other tests be
made, especially on the north and west slopes, there is reasonable
hope of finding oil.

EAST MISSION CREEK DOME.

The East Mission Creek dome occupies the SE. } sec. 25 and most,
of sec. 36, T. 28 N., R. 10 E., and extends eastward into secs. 30 and
31, T. 28 N, R. 11 E,, a report on which is given in another chapter
of this bulletin. The crest of the dome lies about 1,000 feet west-
northwest of the east quarter corner of sec. 36; the closure on the east
amounts to 20 or 30 feet. The dome has a fairly good gathering
ground to the north but very little to the west and south. It has not
been developed, but the conditions here are probably somewhat
similar to those on the West Mission Creek dome. The depth to the
‘““Mississippi lime’’ at the crest of the dome is probably about 1,750

or 1,800 feet.
RATTLESNAKE ANTICLINE.

The Rattlesnake anticline lies northwest of Rattlesnake Spring and
occupies parts of secs. 19, 20, 21, 29, and 30, T. 28 N., R. 10 E,, and
secs. 25 and 36, T. 28 N., R. 9 E. Its longest axis trends northeast,
is about 4 miles long, and pitches to the southwest at an average rate
of about 25 fect to the mile, but at the extreme southwest end the
pitch is 80 feet to the mile. The fold is chiefly of the plunging anti-
clinal nose type, but seems to have a closure of about 10 feet at its
extreme northeast end, in sec. 21. It has a large gathering ground
to the northwest, west, and southwest.

Evidence regarding the amount of development on this fold is
somewhat conflicting. The plats obtained from the Empire Oil Co.
and the Bureau of Mines show four dry holes, all fairly well placed
in the fold, at the southwest corner of sec. 20, the northwest corner of
sec. 28, the southeast corner of the SW. } sec. 21, and the southeast
corner of the NW. 1 sec. 21. The plat obtained from the Barnsdall
01l Co. shows but two of these holes, one in the northwest corner of
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‘sac. 28, which is recorded as a gas well, and a dry hole in the southeast
corner of the SW. } sec. 21. In the field the writer succeeded in
finding but one of these four holes, that in the southwest corner of
sec. 20. The hole is dry, and from the log filed at the Indian Office
it evidently reached the ‘‘Mississippi lime.”” If the four holes shown
on Plate VIII have all been drilled and all reached the ‘‘Mississippi
lime,” it would seem . that the anticline has been fairly well tested,
and that if any further drilling is done it should be farther down the
slopes of the fold or on its extreme southwest end. On the other
hand, if only the hole in the southwest corner of sec. 20 has been
drilled, at least one other test should be made on the highest part of
the fold, about the center of the SW. } sec.21. There is some room
for doubt whether the three holes referred to above not found
.by the writer were actually drilled. No record of any of them has
ever been filed at the Indian office at Pawhuska. An abandoned oil
well in the southwest corner of sec. 28 is reported by two of the
authorities given above, but on visiting this locality the writer found
the remains of a derrick but no evidence of a hole nor any indication
(such as a sludge pile) that any drilling had ever been done here.
Inquiry among ranchers near by disclosed the fact that a derrick
had been built there but that no drilling had ever been done and that
the derrick was finally blown down. The occurrence of a 10-barrel
oil well on the Spring Creek dome, about three-quarters of a mile
north of the crest of the Rattlesnake dome, is at least suggestive
that some oil should be found in the latter:

SPRING CREEK DOME,

The Spring Creek dome lies on a tributary of Spring Creek in the
SW. % sec. 16, T. 28 N., R. 10 E. It is a small dome having a
closure of only 10 feet. A 10-barrel well on the southwest end of
this fold, which obtained oil at a depth of 1,820 feet, probably from
the ‘‘Mississippi lime”” or a thin sand immediately above it, is the
only one thus far drilled. A 30-barrel well in the northeast corner of
sec. 16 is more closely related to the Pond Creek dome than to the
Spring Creek dome. It suggests, however, that the entire saddle
between the two folds may contain oil.

BIRCH CREEK TERRACE.

A broad terrace on which there are a few minor protuberances
occupies the area in T. 28 N., R. 10 E,, bounded on the north and
northeast by the Pond Creek dome and the syncline lying southeast
of it, on the south by the West Mission Creek dome, and on the west
by the Spring Creek dome. The outline of this terrace, which may
be called the Birch Creek terrace, is based on elevations taken on
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various beds of a thick sandstone series, for the most part covered
with timber. Some allowance should therefore be made as to details.

One dry hole has been drilled on the terrace near the west quarter
corner of sec. 24. No record is available to show the depth of the
hole, and its value as a test is therefore not known. It seems probable
that if oil and gas were originally present in this terrace they would
have migrated for the most part to the domes surrounding it, and
that it is therefore not a promising place in which to obtain oil or gas.
It may be, however, that small local pools have accumulated in the
minor protuberances on the surface of the terrace.

DIVIDE DOME.

The Divide dome occupies parts of secs. 12 and 13, T.28 N,,R.9 E,,
and secs. 7 and 18, T. 28 N, R. 10 E. Its crest is on top of the high
timbered divide which trends northeast through this part of the area,
and it has a closure of only 10 feet. The outline of the dome is based
mainly on elevations taken on the middle bed of the Oread limestone.
In addition to the main dome there seems to be a long, narrow
southward-trending spur extending across sec. 13 and into sec. 24,
T. 28 N, R. 9 E. The outline of this spur is based partly on ele-
vations on the Oread limestone and partly on beds in the Elgin
sandstone. The dome has a large gathering ground to the west.
No wells have been drilled on it. Its crest is capped by the Elgin
sandstone (partly eroded), and the ‘‘Mississippi lime” should there-
fore lie at a depth of about 2,150 feet beneath it. A test hole placed
about the center of the SW. } sec. 7 would be on about the highest
part of the dome, but considerable advantage in drilling could be
obtained by choosing a location farther west, near the west side of
the section and below the rim of Elgin sandstone.

RICEROCK ANTICLINE.!:

The Ricerock anticline lies in secs. 7 and 18, T. 28 N., R. 9 E., and
secs. 12 and 13, T. 28 N, R. 8 E. The axis trends a little north of
west from the south quarter corner of sec. 7, T. 28 N, R. 9 E., to the
east quarter corner of sec. 11, T. 28 N., R. 8 E. From .this axis
the beds dip northwest and southwest. To the east the fold dies
out in a flat terrace almost a mile broad, which on the east merges
with the regional dip. The steepest dip on the fold is on its tip,
where the beds incline to the west about 80 feet to the mile. On
the flanks the dips probably average about 60 feet to the mile. The
formation capping this anticline is a sandstone about 20 feet above
the “red lime”’ in the stratigraphic column. A thin bed of lime-

! The descriptions of the Ricerock anticline, Upper Pond Creek dome, and Limestone Flat tesrace were
sapplied by K. C. Heald.
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stone, thickly filled with tests of Fusulina, was of great assistance
in mapping the structure, as it furnished an easily identified, thor-
oughly reliable horizon on which to determine the relative elevations
of different parts of the fold.

The doming of this fold is so slight that it is in effect more of a
terrace than an anticline, and the chance that it has induced
the formation of a large pool of oil is comparatively slight. If
there is such an accumulation it is probably confined to the west
flank of the fold. Accordingly a good location for drilling would be
about the center of the SE. } SE. } sec. 12, T. 28 N.,, R. 8 E. The
;lepth to the ‘‘ Mississippi lime’’ at this point should be about 2,200

oot.
UPPER POND CREEK DOME.

The Upper Pond Creek dome lies in sec. 19, T. 28 N., R. 9 E.
It is a low, almost imperceptible bulge, bounded on the northeast
by a small fault with a throw of 10 feet or less. Dips on the other
flanks average about 60 feet to the mile. A cross section of this
fold from northwest to southeast would show a very low, flat arch.
One from southwest to northeast would show half such an arch
abruptly terminated by a vertical fault scarp.

The shape and outline of this dome were determined by elevations
on several of the resistant limestone beds of the Pawhuska forma-
tion. The bed that caps the fold is the first heavy limestone below
the “red lime.”

This anticline is so low that its effect in arresting the migration of
oil has probably been slight. The most promising place for a pool
is on the west flank of the fold, where the beds dip westward at a
fair rate. Accordingly the center of the SW. } SW. } sec. 19 is
suggested as a good location for drilling a test well. At this place
the ‘ Mississippi lime "’ should lie about 2,100 feet below the surface.

LIMESTONE FLAT TERRACE.!

Insec. 32, T.29 N.,, R.9 E., and secs. 5and 8, T.28 N., R. 9 E,,
there is a marked change in the rate of the regional westward dip,
the rocke flattening out toward the west, making a terrace about
1 mile broad and 3 miles long. At the south end of this terrace
is the Ricerock anticline described above. The terrace is not
absolutely horizontal but slopes to the west at a rate of about
10 feet to the mile. On its surface there are two very small anti-
clines and at least one correspondingly small syncline, but these
features are relatively minor parts of the terrace as a whole. The
rock that caps the terrace is the highest bed of the Pawhuska lime-

"1 The descriptions of the Ricerock anticline, Upper Pond Creek dome, and Limestone Flat terrace were
supplied by K. C. Heald.
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stone, and the elevations that proved the existence of the terrace were
taken on the limestone ledges that make up the Pawhuska lime-
stone. At its west edge the rocks forming this terrace pitch to the
west at a rate of about 60 feet to the mile, and at the east edge they
nse to the east with a somewhat gentler slope.

The structure of this terrace is not such as to influence any great
sccumulation of gas or oil, and any wells that may be found on it
will probably have a small initial production. The most promising
part of the terrace is the region of moderately steep dips west of the
flat top of the flexure. Accordingly the center of the NW. } sec. 7,
T.28 N., R. 9 E,, is suggested as a good location for drilling a test
woll. The depth to the “Mississippi lime”’ here should be about
2,150 feet.

MINOR FOLDS AND TERRACES.

There are several minor anticlines in this area, most of them with-
out any closure on the east, and some terraces in which there is a
possibility of finding oil or gas. Most of these minor features are
wholly undeveloped. Attention is called to them here in the belief
tha, they are the most favorable places to test after the areas de.
scribed above have been drilled.

One of these small anticlines occurs in the S. % sec. 29, T. 29 N,
R.10 E., and another in sec. 31, extending west into sec. 36, T. 29 N,
R.9 E. The latter has well-defined south and west dips but very
little dip to the north. The ‘“Mississippi lime” should be reached
on these folds at 1,900 to 2,000 feet.

A small dome is shown near the center of sec. 4, T. 28 N., R. 10 E.,
with a nose extending southwestward into sec. 5. The chief evi-
dence for the existence of this dome consists in pronounced reverse
dips in the sandstones on opposite sides of Spring Creek. On thenorth-
west side of the creek the sandstone dips northwest at an angle of
about 15°for a distance of about 1,000 feet. Dips of this magnitudein
the Pawhuska quadrangle usually indicate faulting, but no definite evi-
dence of a fault could be found here. On the southeast side of the
creek near the center of the section the sandstone dips to the south-
east at a low angle. The sandstones are badly broken and difficult
to trace with certainty in this part of the area, so that the evidence
of reverse dips is not strongly supported by elevations on the beds.
In this dome the ‘‘Mississippi lime” lies at a depth of about 1,800
feet in the valley of Spring Creek.

A small anticline that shows dips on the north, south, and west but
merges into a flat or terrace on the east occurs in sec. 3, T. 28 N,
R.9 E. It has not been drilled, but the ‘Mississippi lime” is esti-
mated to lie at a depth of 2,200 feet below it.
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Four holes have been drilled in the northwest corner of sec. 22
and the northeast corner of sec.21,T.28N.,R.9 E., in a narrow belt
of steep westward dips with a flat or terrace above and below. One of
the wells obtained a little oil and gas and would probably yield enough
to pay for pumping if there were any other wells in the vicinity; the
other three holes are dry. These wells were drilled several years ago,
and as no record of them seems to have been kept it is not now pos-
sible to ascertain even the depth to which they were drilled. If they
penetrated the ‘‘Mississippi lime’’ there would be little inducement
for further drilling at this place. On the other hand, if they did not
reach the ‘‘Mississippi lime” it would be very desirable to continue
one of them down into that formation, which should be reached at
a depth of about 2,000 feet in the well where the show of oil and gas
was obtained. It is probable that the holes were not drilled
deeper than the ‘‘Oswego lime,” because at the time of drilling oil
was being obtained from the ‘“Oswego” or a sand about 400 feet
above it in the Elgin field, about 7 miles farther north. The occur-
rence of even a small quantity of oil here is interesting, because it
seems to bear out what has been observed in at least two other
places ! in the Pawhuska quadrangle—in sec. 20, T. 29 N., R. 9 E,,
and sec. 22, T. 24 N., R. 10 E.—namely, that there is a tendency for
oil to accumulate in belts of steep westward dip bordered above and
below by terraces.

A terraced area similar to the one just described but much more
pronounced, having a westward dip of 60 feet in half a mile and
bordered above and below by a broad flat, occurs in secs. 29 and 32,
T. 28 N., R. 9 E. If future experience demonstrates that structural
features of this character are likely to contain oil or gas, this one
would certainly be worth testing.

1 Heald, K. C., Geologic structure of the northwestern part of the Pawhuska quadrangle, Okla.: U. S,
Geol. Survey Bull. 691, pp. 88-89, 1918 (Bull. 691-C).
Bowen, C. F.,report on T, 24 N., R, 10 E,, {n this volume (Bull. 686-D).



T.25 N, R. 10 E,
By Dean E. WincaesTER, K. C. HEALD, and others.

INTRODUCTION.

The field work on T. 25 N., R. 10 E. (see fig. 1), was done by Dean
E. Winchester, K. C. Heald, E. Russell Lloyd, and J. P. Buwalda.
The areas covered by the different geologists are shown on Plate X.
The elevations on the key beds and the exact locations of their out-
trops were determined by plane-table surveying, except those on a
small area in the southeastern part of the township, where barom-
eters were used to determine elevations, pacing to determine hori-
wntal distances, and compasses to determine directions. In this bar-
ometric work all the results were checked by two observers, and any
results that appeared to be the least bit doubtful were discarded.

KEY ROCKS.

General features.—The exposed rocks in this township (see fig. 12)
wre of upper Pennsylvanian age and include sandstones, limestones,
and shales. Sandstones form more than half the total thickness of
the exposed rocks, but there are also thick beds of shale, particularly
in the extreme southeast corner of the township. Limestones are
very inconspicuous.

A comparison of the contouring of the structure in T. 25 N., R. 10
E,and that in T. 26 N., R. 10 E,, reveals a failure of the contours in
the two townships to join exactly. This is not due to faulty observa-
tion but rather to the fact that the geologists working in these town-
ships based their work on different assumptions. In T. 26 N., R. 10
E, it was assumed that the key beds are approximately parallel to
the middle bed of the Oread limestone, which is well exposed along
the west line of the township and is the only part of the Oread repre-
sented here, and for most of the township there can be no doubt that
this assumption is essentially correct. In T. 25 N., R. 10 E,, it was
tssumed that most of the beds are parallel to the Labadie lime-
stone, and here also the work shows that the assumption is correct.
However, there is a convergence between the middle bed of the Oread
limestone and the Labadie limestone, and because of this convergence
the contouring in the two townships does not exactly connect.

59
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Cochahee sandstone—The Cochahee sandstone, named from its
good exposures on the headwaters of Cochahee Creek, in the south-
western part of T. 25 N., R. 10 E,, is a thin, flaggy bed about 45 feet
above the Labadie limestone and 125 feet below the Oread lime-
stone. It is very well exposed near Nelagoney, where it forms a
rim capping the hill on whose flanks the town is built and shows

as a well-defined ledge on the hill

slopes overlooking Saucy Calf

Creek just northwest of Nelagoney.

Oread limestone (midale beo) 1t is here less than 3 feet thick, al-
Wynona sandstone though in other places thicknesses
' of 10 to 25 feet have been noted.
The sandstone is massive, hard, and
fossiliferous and has a peculiar
weathered surface suggesting turkey
tracks. This peculiar surface and
the fossil Fusulina, which in places
are extremely abundant in this bed,
are its most characteristic features.

The Cochahee sandstone was par-
ticularly useful in determining the
structure in the southwestern por-
tion of the township. (See Pl. X.)
Cheshewalls sandstone Labadie limestone.—The Labadie
is the first limestone of any promi-
nence below the Oread limestone,
which is about 180 feet strati-
graphically above it. In the north-
ern part of T. 25 N, R, 10 E., it
consists of two benches of limestone,
each about 2 feet thick, separated
by about 10 feet of gray shale. It
is not conspicuous in this township
and must be traced more by the
vegetation, which is of a different
Fioume 12--Section of rocks exposed  character on the lime-impregnated

' soil from that on sandy soil above
and below, than by actual outcrops of the limestone itself.

The outcrop of this bed could not be recognized west of Bird
Creek. Lentils of limestone occur at about the horizon which it
should occupy, but they show no characteristics which would make
an accurate correlation possible. East of Bird Creek there are sev-
eral good exposures, and it may be traced northwestward to the
north line of the township. (See Pl. X.)

] Cochahee sandstone

Labadie limestone

Revard sandstone
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The Labadie limestone is both overlain and underlain by gray
shale in which are thin beds of sandstone. Some of these thin sand-
stones are persistent and may be followed with much greater ease
than the limestone. One which is about 11 feet below the limestone
was particularly helpful in determining the structure in the north-
eastern part of the township.

Cheshewalla sandstone.—The first heavy bed of massive sandstone
below the Labadie limestone is the Cheshewalla. Between it and the
limestone are about 60 feet of shale and thin, hard sandstones, and in
a few localities there is also a very thin limestone a few feet above
the top of the Cheshewalla.

The lithology of the Cheshewalla sandstone is not distinctive
enough to permit its identification by this means. It is fine grained,
moderately well cemented, rather soft, and cross-bedded. Only a
few fossils were noted in it, although there are fossiliferous sand-
stones both above and below it, and the base of the Cheshewalla it-
self carries a pelecypod fauna in some localities. Plant fragments
are fairly common in it, but they are so thoroughly macerated that
they can not be identified.

This sandstone is 20 to 50 feet thick and along most of its outcrop
in this township appears as a single heavy bed without interbedded
shale. However, it contains local lentils of red shale a mile or less in
length, which cause the formation of benches. Such benches are
traceable for short distances but are not reliable as horizon markers,
as they pinch out most unexpectedly. Moreover, there is a constant
temptation to pass over an area where a bench is obscured by talus
and to pick up another bench on the other side of the obscure area,
correlating the two and continuing the mapping on this basis. Ac-
tually there is little need to do this, for the top of the Cheshewalla
may be followed very easily. In many localities there is a thin fos-
siliferous sandstone a short distance above it which makes the identi-
fication of the horizon certain. The base of the Cheshewalla may also
be followed in parts of the township, but better results may be ob-
tained by tracing one of the thin sandstones that underlie it.

This sandstone is very well developed near the point where Cheshe-
walla Creek empties into Nelagoney Creek, in the SE. } sec. 9. It
also shows up well below the bridge of the Missouri, Kansas &
Texas Railway over Bird Creek, northeast of Nelagoney.

Revard sandstone—The Revard sandstone, which lies about 145
feet below the Labadie limestone, is particularly prominent in the
southeastern part of this township. It is 80 to 80 feet thick and con-
gsts of massive sandstone very similar to the Cheshewalla sandstone,
with lentils of red shale. The shale lentils range in length from a few
feet to a mile or more and in thickness from a few inches to 6 feet.
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The Revard sandstone is one of the most persistent sandstones in
the Pawhuska quadrangle, but in this township it is not a particu-
larly good bed upon which to base structure coptouring. The top
of the sandstone is not clearly defined, nor is it confined to a single
definite horizon. Locally the red shale which directly overlies the
Revard sandstone is replaced by lentils of heavy sandstone (see fig.
13), and this introduces the possibility of error in mapping, for there

Fioure 13.—Sketches illustrating observed Instances of Irregularity in the upper sur-
face of the Revard sandstone In the southeastern part of T. 25 N., R. 10 E.

may be a difference of 30 feet in the total thickness of massive sand-
stone at points a quarter of a mile apart. Fair results may be ob-
tained by following some of the shale lentils, but they are so short
and so likely to be concealed by débris from the overlying beds that
they are not very satisfactory as horizon markers. Wherever pos-
sible the thin sandstone beds a little below the base of the sandstone
series should be utilized. Some of these beds are very persistent and
have characteristics that render even isolated outcrops identifiable;
for example, some beds carry quantities of small Fusulina, and other
beds form benches that are definite enough to be traced for consider-
able distances. In places the base of the massive sandstone may be
easily traced, for it is distinctive, being coarser and darker than the
upper parts of the Revard sandstone and containing shale inclusions
and numerous hollows and pits which presumably were originally
occupied by such inclusions.

The type locality for this sandstone is at Revard Point, in sec. 13,
T. 26 N, R. 10 E. A good reference locality is on the bluff facing
Bird Creek due east of the town of Quapaw, in the NE. 1 SE. } sec.

- UNIVERSITY OF CALIFORNIA
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#.T. 25 N.,R. 10 E. Here the top of the Revard sandstone is about
4 feet below the top of the hill.

PENNSYLVANIAN ROCKS BELOW THE SURFACE,

The unexposed rocks above the * Mississippi lime” are of the
sme general type as those which appear on the surface. Sandstone

G"‘?;‘LE;;‘ f:t::d of wells  Goneralized record of wells
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Ficore 14.—Generallzed records from wells1n secs. 14, 23, and 25, T. 25 N, R. 10 B,

and shale make up about 90 per cent of the total above what is known
to the driller as the Big lime (probably the Pawnee limestone of the
Kansas section). Below that horizon there is comparatively little
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sandstone but there are massive beds of limestone and much shale.
Many of the sandstones in the upper part of the section are water

m

Labadie limestone

=i Cheshewalla sandstone

-4 Revard sandstone
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beds and sands which have ylelded oil
or gas in T. 256 N, R. 10 E, or iIn
imm.diately adjacent territory. *

bearing, even on pronounced anti-
clines, and in some of the syn-
clines they yield quantities of
either fresh or salt water.

Either oil or gas has been found
in at least ten distinct beds in the
wells which have been drilled in
this township. (See figs. 14 and
15.) Most of these beds contained
only “showings,” which were not
large enough to be commercially
important, although they indicate
the possibility of valuable pro-
duction from the beds in which
they were found. but several beds
have contained sufficient oil or gas
to justify the expense of drilling
and equipping wells. The
“QOswego lime” (Fort Scott lime-
stone), the Bartlesville sand, a
sand a little below the top of the
¢ Mississippi lime,” and a sand
about 300 feet below the top of
the “Mississippi lime” have all
yielded gas in commercial quan-
tity, and oil has been produced
from the Fort Scott (“ Oswego ™)
limestone and from the Bartles-
ville sand.

STRUCTURE.

The general structurein T. 25 N.,
R. 10 E,, is fairly simple. There
is a pronounced regional dip a
little to the north of west, modi-
fied by a few cross folds that intro-
duce east and south dips and ac-
centuate the dips to the north, but
over most of the township the west-
erly dip dominates the structure.

The term “closure” as used in this report may for all practical
purposes be taken to mean the vertical distance between the highest
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and lowest closed contours on the anticline plus the contour in-
terval—that is, if the highest closed contour represents an elevation
of 900 feet, the lowest closed contour an elevation of 880 feet, and the
contour interval (vertical distance between successive contours) is 10
feet, the closure is approximately 30 feet.

ANTICLINES, DOMES, AND TERRACES,
KIHEKI DOME.

The highest point on the Kiheki dome is in the NW. } sec. 10.
The major axis extends northeastward into sec. 3 and southwestward
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Figere 16.—Diagram showing approximate position of anticlinal axes in T. 25 N,
R. 10 E

into sec. 9. (See fig. 16.) The closure is 20 feet. The lowest
and gentlest dips are on the southeast flank of the fold; on the other
flanks the dips are much steeper. The area covered by this dome is
small compared to that of many of the Osage County anticlines, for
the lowest closed contour encircles a little less than half a square
mile, and the territory over which the structure might be expected
to exert an influence on the accumulation of oil or gas is probably a
square mile or less.

A single well has been drilled on the Kiheki-dome. It was drilled
to the “ Mississippi lime ” and passed through all the beds which are

$0703°-—22——@*



66 OIL AND GAS RESOURCES OF OSAGE RESERVATION, OKLA.

productive of oil in other parts of this township. Near the bottom
of the hole it pierced a gas-bearing stratum which it was estimated
would yield between 1,500,000 and 2,000,000 cubic feet a day. This
yield was not conmdered suﬁicxent to ]ustlfy laying pipe to utilize it,
and accordingly the hole was plugged.

The general experience in the Osage country has been that terraces
and broad, low anticlines are more likely to be productive on the
steeply dipping parts of the flanks than on the flat step of the ter-
race or the crown of the anticline. It therefore seems that there is
much more likelihood that oil will be found in the SW. } sec. 3, the
SE. } sec. 4, and the NE.  sec. 9 than in the NW. } sec. 10, where the
test well mentioned above is located. (See Pl. X.) On the other
hand, the crowns of the domes similar to the Kiheki dome are almost
invariably occupied by gas, and it is very probable that further drill-
ing in the NW. } sec. 10 will result in gas wells that will be worth
maintaining.

Good locations for test wells on this dome are the center of the
NE. } NE. } sec. 9 and the extreme southeast corner of sec. 4. A well
drilled at the first-named locality should strike the Fort Scott (“ Os-
wego ”’) limestone at a depth of 1,500 to 1,550 feet. There is a possi-
bility that oil will be found at this horizon or a little lower. The
Bartlesville sand, if present, should be encountered at about 1,850 to
1,900 feet. The hole should be carried to a depth of at least 2,300
feet if oil is not obtained at less depth, for it is known that in other
parts of the Osage Reservation there are productive sands which, if
present here, are at least that far below the surface.

PAYNE ANTICLINE.

The Payne anticline is a low, inconspicuous fold whose curved axis
passes through parts of secs. 9 and 5, T. 25 N., R. 10 E., and into
sec. 32, T. 26 N., R. 10 E. (See fig. 16.) Along this axis there are
two distinct domelike humps wherc the rocks are arched slightly
higher than elsewhere along the axis. The center of the southern
of these humps is very near the southeast corner of sec. 5; the other
is in the NW. } SE. } sec. 5.

The arch of this anticline is extremely flat. The closure is only
10 feet, and the rocks do not pitch steeply on the flanks of the fold.
It would be classed as a terrace except for the presence of the two
small- humps mentioned above. Nevertheless the area over which it
is believed this anticline may influence the accumulation of oil or
gas is considerable, including part of the SE. } sec. 4, most of sec. 5,
the NE. } sec. 8, and a small part of the NW. } sec. 9.

Two wells that have been drilled near this anticline do not make
it appear particularly favorable as a possible reservoir of oil and
gas. The well on the Kiheki dome has been discussed above. A
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well was drilled to the north, in sec. 32, T. 26 N., R. 10 E., by the
Texas Co. in 1918. This test was not well located with respect to
the structure, as it was far down on the south flank of a small anti-
clinal fold and was much closer to the axis of one of the marginal
synclines than it was to the crest of the anticline. It was drilled to
the “ Mississippi lime ” without obtaining a commercial flow of gas,
although at least three sands yielded small amounts.

A well was drilled in the extreme northeast corner of sec. 7 some
years ago. No facts concerning this test beyond its failure to en-
counter either oil or gas are now available, so it is not known
whether or not it was drilled deep enough to pierce the sands which
it is believed may carry oil or gas. However, the location of the well
is extremely*unfavorable, as it lies very close to the axis of a pro-
nounced syncline, and its failure is not surprising.

In wells drilled on the Lookout anticline, less than 2 miles west
of the Payne anticline, the Fort Scott (“ Oswego”) limestone or a
sand associated with it has yielded large volumes of gas and a well
drilled to the “ Mississippi lime ” had an initial daily production of
about 25 barrels of oil.

From the gize and shape of the Payne anticline and the gathering
ground from which oil and gas may have migrated to accumulate
under the anticline, it appears probable that gas will be found in
paying quantity, and at least it is possible that the anticline will
vield oil, although probably no large wells will ever be brought in here.
Good locations for tests are near the center of the NE. } SW. } sec. 5
and in the center of the NE. } NE. } sec. 8. At these locations the
Fort Scott (“ Oswego”) limestone should be between 1,500 and 1,700
feet below the surface, and the Bartlesville sand, if it is present, about
300 feet deeper. '

LOOKOUT ANTICLINE.

The highest point on the Lookout anticline lies near the northwest
corner of T. 25 N., R. 10 E., and the structure outlined by the closed
contours covers territory in all four of the townships cornering here.
The dips on all sides are pronounced. The closure is about 40 feet,
and the territory which appears favorable for oil actumulation is
about 2 square miles. Only a small part of this fold lies in T. 25 N.,
R.10 E., and that part is not pronouncedly favorable for oil or gas,
8s it is on the southeast flank of the anticline, and the general ex-
perience in Osage County is that the west and northwest flanks of the
anticlines are the portions most likely to contain oil.

Two wells have been drilled on the Lookout anticline. Both are
near the top of the fold and constitute good tests, although neither
was carried deep enough to test all the possibly productive sands.
One of these tests, in the southeast corner of sec. 36, T. 26 N., R.
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9 E., obtained a large volume of gas from shallow sands and a partic-
ularly heavy flow from the Fort Scott (“ Oswego ”) limestone. The
other, in sec. 31, T. 26 N., R. 10 E., was drilled through the horizons
of the gas-bearing sands of the first-mentioned well and obtained
oil from the “ Mississippi lime.” The initial production of this well
was reported to be 25 barrels.

The size, shape, and location with respect to regional structure of
this anticline lead to the conclusion that probably no very large wells
will be developed on it. However, wells of moderate size may be ex-
pected. The best location on that part of the anticline which lies
in T. 25 N., R. 10 E,, appears to be the extreme northwest corner of
sec. 6.

CEDAR CREEK ANTICLINE.

Only a portion of the Ceder Creek anticline lies in T. 25 N., R. 10
E. Its axis runs from the central part of sec. 26 northward and east-
ward and crosses the line into T. 25 N., R. 11 E,, a little north of
the middle of the east line of sec. 13. There are several gentle cross
folds on it, the most pronounced of which joins the axis of the main
anticline a little west of the center of sec. 13. (See fig. 16.) Only
a single contour closes on that part of the anticline which is in T.
25 N., R. 10 E., and this one is of little significance, as it surrounds
a very small upward bulge with a total area of less than 40 acres.
However, the top of the anticline is very flat, and this fact makes it
appear improbable that oil or gas in any quantity may have migrated
along the axis and escaped to the east.

The productivity of this fold has already been demonstrated.
Several oil wells and one gas well were drilled on or near its axis in
the southern part of sec. 14 and the northern part of sec. 23 in 1910
and 1911 and were productive until 1915, when they were abandoned.
These wells had initial yields of 10 to 50 barrels from the Fort Scott
(“ Oswego ”) limestone. Only a single dry hole was drilled in this
little field, and the reasons why no effort was made to extend the
producing area and why the lease was surrendered are not evident.
It appears fairly certain that “offsets” to the old wells will en-
counter either oil or gas in paying quantity, and the fact that the
Fort Scott limestone is the productive bed makes the expense of drill-
ing much less than that of the wells which must be bored to the
Bartlesville sand or the “ Mississippi lime.” Furthermore, it has not
been established that the deeper beds will not be productive. Onme
well was drilled through a sand corresponding to the Bartlesville
sand of the field in sec. 25, without finding either oil or gas in it, but
a single well does not prove that the sands are barren at this place.
At least one, and preferably two more, should be drilled before such a
statement can possibly be justifiable. The very fact that the deeper
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sands yield abundantly less than 2 miles away makes it seem doubt-
ful that they will be barren here.

There is strong evidence that a large field will be developed on
this anticline. This conclusion is supported by the yield that has
already been obtained, by the record of the one deep test which has
been drilled on it and which shows abundant sands to act as oil res-
ervoirs at the horizons where productive sands are found in near-by
areas, by the productivity of similar folds in the township to the east,
and by the presence of a great gathering ground to the west from
which the oil may migrate for miles up a steep and uniform slope.
Further support is found in a test well which was drilled near the
axis of the anticline in the extreme northeast corner of sec 13. This
well, which is shown as a dry hole on most of the oil maps of this
region, is at present making some gas, and the ground around it
shows that it also gave a very strong showing of oil. In fact, the in-
dications are so favorable that an “ offset ” well would be justified.

This anticline should be very thoroughly tested. The failure of
one or more tests will in no wise condemn it, for to judge from the
township to the east it is to be expected that the sand conditions here
are important and may in places neutralize the effect of the structure.
Good locations for testing are listed below :

Center of SE. § NE. } sec. 13.
Center of NW. $ NW. { sec. 13.
Center of NW, } SE. } sec. 14.
Center of SW. } SE. } sec. 14.

Center of SE. $§ NW. } sec. 23.
Center of SE. $ SW. } sec. 23.

These tests to be adequate should be drilled at least 300 feet below
the top of the “ Mississippi lime ”—that is, to a depth of at least
2,000 feet, and in some of the locations 2,200 feet. In this distance
there are at least seven sands which have a chance to be productive
and two beds—the Fort Scott limestone and the Bartlesville sand—
which have yielded large quantities of oil and gas in this immediate
region.

NELAGONEY ANTICLINE.

The Nelagoney anticline is a small pitching fold whose axis runs
almost due west from the middle of sec. 28 to the middle of sec. 29.
(See fig. 16 and P1. X.) Structurally it is really more of a terrace
than an anticline or dome, as there is but a single closed contour on
it, and this one encircles so small an area that it is not significant.
The fold shows moderate dips to the west, gentle dips to the north,
very gentle dips to the south, and almost no dip to the east. (See
contour map, Pl. X.) In fact, it would not be considered a par-
ticularly favorable place for oil and gas accumulation were it not
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the only anticline in a wide area, a fact which gives it an excellent
chance to entrap a part of the petroleum that has migrated up the
dip from broad gathering grounds to the north, west, and south.
That it has succeeded in arresting a part of this oil has been demon-
strated by several oil wells which were drilled many years ago near
the center of sec. 29. The field formed by these wells lies squarely
on the axis of the anticline. The oil comes from the Bartlesville
sand. The initial production ranged from 10 to 40 barrels, and the
wells were long lived. '

The size and shape of this anticline do not encourage the belief
that any very large wells will be brought in on it. The present
producing field occupies a portion of the fold which is structurally
as favorable as any other that might have been chosen for testing.
It seems probable that this field may be extended to the north and
east, although there is a strong possibility that wells drilled more
than 600 feet east of the easternmost of the present producing wells
will encounter gas rather than oil. To the south the extension of
the pool appears to be limited by a dry hole which was recently
drilled, but in spite of this there is a very good chance for small
production on a plunging anticlinal nose that occupies the SW. }
sec. 29 and may be considered a part of the Nelagoney anticline.
A good location for a test in this area would be near the center of
the west half of the quarter section.

JAVINE ANTICLINE.

Most of the Javine anticline lies in T. 25 N,, R. 11 E., but one
lobe of it extends into T. 25 N., R. 10 E. The axis of this lobe enters
sec. 26 near the southeast corner and extends northward almost to
the north line of the section. (See Pl. X.) This fold may be
-expected to influertce oil and gas accumulation throughout the E. }
and on a part of the NW. } sec. 25.

The productivity of this fold has been established by nine oil wells
and three gas wells in T. 25 N,, R. 10 E,, and by many wells in T. 25
N,, R. 11 E. These wells obtain oil from the Bartlesville sand and
had initial yields of 10 to 70 barrels a day. The gas wells came in
at 4,000,000 to 9,000,000 cubic feet a day and obtain gas from the
same sand as that yielding the oil in the oil wells. None of the
wells have been bored deep enough to ascertain whether or not oil
and gas bearing sands in the “ Mississippi lime ” underlie this field.
However, they are known to be present at other localities in the
Osage Reservation, and it should be assumed that they are present
here until deep drilling has justified or disproved the assumption.

This anticline should be developed by extending the oil field which
already exists. It can probably be extended both to the north and
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to the west, although it is probable that the average initial produe-
tion of the wells drilled west of the present field will be considerably
analler than the average of those which have been drilled to date.
The shape of the anticline suggests that in the NE. } NW. } sec. 25
ol may be obtained from some of the sands above the Bartlesville
and, as there is here a structural terrace much like that on which
the small field in secs. 14 and 28 is developed. This part of the anti-
cline should be drilled even though attempted extension of the field
in the SE. } sec. 25 should result in dry holes.

At least one well should be bored on the Javine anticline to a
horizon 300 feet or more below the bottom of any of the existing
wells in sec. 25. A good location for this deep well is in the NE. }
SE. 1 sec. 25. A fair location would be about 300 feet north and
%00 feet west from the southeast corner of the section. The well
should not be drilled farther west than this. Deep drilling far down
on the flanks of anticlines is rarely justifiable unless other wells
better located have already demonstrated the possible presence of
deep-lying oil sands.

QUAPAW ANTICLINE,

- The Quapaw anticline is an inconspicuous fold whose axis trends
| northwestward through the SW. } sec. 36 and across the southern
part of sec. 35. There is no closure, and the dips in all directions
wre gentle. The structure is not well adapted to effect an accumu-
lation of oil or gas, and it is not in the least surprising that wells
drilled near the axis of the fold in the SE. } sec. 35 and in the SW. }
| sec. 36 should have failed to find commercial amounts of oil or gas.

NORTH COCHAHEE DOME.

The North Cochahee dome is a small but well-defined uplift whose
crown lies in the SW. } sec. 31. The closure is about 20 feet. The
rocks on the flanks of the dome dip fairly steeply in all directions
from the crown. The dips to the north are particularly well defined,
but the dips to the south are small both in degree and in vertical
extent. The territory which seems to be distinctly a part of this dome
35 distinguished from the general regional structure includes the
W. } sec. 31, T. 25 N., R. 10 E., and parts of sec. 36, T. 25 N,,
R9E,sec. 1,T.24 N, R. 9 E, and sec. 6, T.24 N., R. 10 E.

Five wells, all excellently located with respect to the structure,
have been drilled on this dome, and all have found large volumes of
gas with showings of oil. Farther south, in sec. 6, T. 24 N, R. 10 E,,
wells on a similar dome, which is separated from the North Cochahee
dome by a shallow saddle, have had initial yields of 25 to 350 barrels
tday. The wells on the North Cochahee dome in sec. 31 are located
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a little east of the center of the crown of the dome, but a gas well on
this dome in the SE. 1 sec. 36, T. 25 N., R. 9 E., is considerably west
of the axis.

It appears probable that a large part of this dome is occupied by
gas and will not yield oil, but oil will probably be found well down on
the west, northwest, southwest, and southeast flanks. It seems likely
that the oil field which has been developed in the western portions of
secs. 25 and 36, T. 25 N., R. 9 E., may be extended to the east and join
with the gas field in sec. 31, T. 25 N., R. 10 E,, and in the SE. } sec.
36, T. 25 N, R. 9 E.

Gas was found on this dome in many sands, but the strongest flows
came from sands which were believed by the drillers to be the
Bartlesville and beds in the “ Mississippi lime.” The deepest pro-
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Figure 17.—Cross section illustrating flexing of beds In terrace structure and theoretical
position of oll pool on terrace.

ducing gas sand is about 300 feet below the top of the “ Mississippi
lime.” The oil wells in sec. 6, T. 24 N., R. 10 E., and secs. 25 and 36,
T. 25 N, R. 9 E., obtain their oil from the Bartlesville (?) sand. In
secs. 25 and 36 some oil and gas are also obtained from the Fort Scott
(“Oswego”) limestone.

A good location for a test well on that part of the dome which is in
T. 25 N., R. 10 E., is near the southwest corner of the NW. } sec. 31.
An alternative location is the southwest corner of the NW. } NW. }

sec. 31.
SWAIN TERRACE.

In the SW. } sec. 15 and the NW. } sec. 22 there is an area of
terrace-like structure where the rocks dip very gently westward for
some distance and then plunge sharply in the same direction, giving
a cross section like that shown in figure 17. This terrace may have
caused oil or gas to accumulate. Similar terraces elsewhere in Osage
County have yielded oil, particularly from the sands above the

UNIVERSITY OF CALIFORNLA
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Bartlesville. Accordingly it seems that this flexure is worthy of a
test. A good location for the test is about 300 feet north and 600
feet west of the southeast corner of sec. 16. In this area drilling
below the Bartlesville sand, which should be found at about 1,850
feet, is not recommended.

UNFAVORABLE AREAS,

The structure over much of T. 25 N., R. 10 E., seems to be unsuited
to bring about appreciable accumulations of oil or gas. This does not
necessarily mean that pools of oil or gas do not exist under the
unpromising areas, as favorable conditions in the oil sands may en-
tirely counterbalance the unfavorable effects of the attitude of the
beds; but unless these areas are invaded by the extension of pools
opened on territory which is structurally more favorable it should
not be prospected without due recognition of the risks. The
probabilities are very great that such prospecting will result either
in total failures or in wells of such small productivity that the cost
of drilling will never be repaid. This is shown by the wildcat drill-
ing which has already been done in this township. Of the nine holes
known to have been bored outside of any area of anticlinal structure,
not a single one showed sufficient oil or gas to justify an attempt at
production.

Areas where the structure is unfavorable include the S. } sec. 1, all
of sec. 2, the N. } sec. 3, the N. } sec. 4, the E. } sec. 6, the SW. } sec. 7,
all but the SE. } sec. 11, the N. } sec. 12, the W. } sec. 16, secs. 17,
18, and 19, the W. } sec. 21, the W. } sec. 27, the E. } sec. 28, all but
the SE. } sec. 30, sec. 32, and the W. } sec. 33.

The fact that these lands are listed as structurally unfavorable
must not be taken to indicate that the rest of the township is struc-
turally favorable. Much of the area not listed above certainly can
not be regarded as structurally favorable, but at the same time its
structure is not of such a type as to preclude absolutely the possibility
of success.
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T. 25 N, RS. 11 AND 12 E.

By Oriver B. HopPkins.

INTRODUCTION.

The area included within T. 25 N., Rs. 11 and 12 E., lies in the east-
ern part of the Osage Reservation, southwest of Bartlesville and
northeast of Bigheart. (See fig. 1.) There are no towns within the
area; the only settlements consist of oil camps and a few small
ranches. Bartlesville is the largest town near these townships and the
town from which they are most accessible.

Field work on these townships was done between the first of April
and the middle of June, 1918, by W. A. English, K. C. Heald, and the
writer, assisted by W. G. Gulley, R. L. Triplett, and H. J. Weeth,
respectively, as instrument men. The relative areas covered by the
three parties are shown on the diagram inserted on Plate XI. The
mapping was done entirely by plane table, in part by stadia traverses
and in part by triangulation.

STRATIGRAPHY.

EXPOSED ROCKS.

GENERAL CHARACTER.

The exposed rocks in the area are of middle Pennsylvanian age and
.comprise about 430 feet of alternating beds of shales and sandstones
with thin beds of limestones. The general character and thickness
of the beds are shown in figure 18. A complete description of
the stratigraphy will not be given here; only the most prominent
beds or key rocks which were used in mapping the structure will be
described.

The lower 180 feet of beds exposed in these townships consists
dominantly of shale but contains two prominent sandstones and
three thin limestones. All three limestones are found at places along
the east side of T. 26 N., R. 12 E., and the upper two are found in
the valley of Candy Creek in the southwestern part of the same town-
ship. The two lower limestones are well exposed in the road leading
up the escarpment near the middle of the east line of sec. 21, T. 25
N, R. 12 E. The lowest limestone in the section is the same as that

%
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——— Sandstone 43 feet above
~=={ Bigheart sandstone

R »Bigheart sandstone

Shale, 50-100 feet

150 FEET

125
i

}Ohusa sandstone

100
i

Stanton(?) limestone

| yTorpedo sandstone

found in the northern part of T. 23 N.,
Rs. 11 and 12 E., and described as
“ Fusulina-bearing gray limestone.” The
most conspicuous beds in the upper 250
feet of exposed rocks are described below.
The position of these beds in the section
of exposed rocks is shown in figure 18, and
their position in relation to the produc-
tive formations on Plate XII.

KEY BEDS.

Torpedo sandstone.—The lowest bench
of massive cliff-making sandstone about
75 feet above the valley floor at Torpedo
is here named the Torpedo sandstone.
This sandstone forms the top member of
the division described by Shannon and
Trout® as the Wilson formation. It rims
the valley of Sand Creek and is typically
exposed 1 mile northwest of Torpedo, on
the north side of the creek. Here it con-
sists of about 30 feet of massive medium-
grained sandstone which breaks into large
ripple-marked blocks. It is immediately
underlain by shale and overlain by a bed
of hard gray limestone 2 to 3 feet thick,
which is loaded with crinoid stems and
weathers cinnamon-brown.

This sandstone ranges from 30 to 60
feet in thickness in T. 256 N., R. 12 E,,
where it is exposed in the valleys along
the north township line. It forms the
resistant bed near the top of the promi-
nent escarpment along the east side of the
township and rims the valley of Candy
Creek and its tributaries in the southern
part. This sandstone crops out, as shown
on Plate XI, in two prominent benches in
the northern part of T. 25 N., R. 12 E,,
but in the southern part the upper bench
either merges into the lower or gives
place to shale, as only the lower bench

Fieone 18.—8Sectlon showlng suc- jg conspicnous there. The lower bench

cesgion of beds exposed in T.
25 N, Rs. 11 and 12 E.

generally forms a nearly vertical cliff,

1 Shannon, C. W., and Trout, L. E., Petroleum and natural gas in Oklahoma : Oklahoma
Geol. SBurvey Bull, 19, p. 89, 1915,
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whereas the upper bench, though somewhat softer and weathering
more readily, usually shows a fairly well defined contact with the
overlying shale. The thin limestone that overlies this sandstone near
Torpedo is present in the northern part of T. 25 N,, R. 12 E,, but
disappears farther north. The writer believes that this limestone
may be the Stanton limestone of Kansas and that it is 15 to 20 feet
above the horizon of the Birch Creek limestone in. T. 24 N., Rs. 10
and 11 E. The Torpedo sandstone, with the overlying limestone, is
well exposed in the SW. } SE. } sec. 4, T. 25 N,, R. 12 E.

Okesa sandstone.—The Okesa sandstone was named by Clark from
its exposure near Okesa.! It was traced in a conspicuous outcrop
halfway across the east side of T. 23 N., R. 11 E., and around the
floors of the two principal stream valleys in that township. (See
PL XI.) In the northern part of T. 25 N., Rs. 11 and 12 E,, the
Okesa sandstone comprises three prominent sandstone beds separated
by thin beds of shale and has an aggregate thickness of about 30 feet.
Here it is overlain by red clay shale and in places a thin limestone
occurs 7 feet above it. The middle bed was traced in the northern
part of these townships. (See Pl. X1.) The Okesa sandstone in-
creases in thickness toward the south, so that on the line between
Tps. 25 and 24 N., R. 11 E, it replaces most of the underlying shale
and locally rests on the Torpedo sandstone. In the southern part
of the townships here described the top of the Okesa sandstone ap-
pears as a pronounced bench (see Pl. XI), above which is a 50 to 75
foot bed of shale, forming an open belt of country. The top bed of
the Okesa sandstone in this area is a massive to thin, even-bedded
sandstone whose upper surface is covered with impressions of fossil
pelecypod shells. A thin limestone occurs in places 5 feet above
this sandstone, as exposed near the center of sec. 35, T. 25 N, R. 11 E,,
and in the same area a massive bench of sandstone with a rough,
lumpy top surface fringed by trees is exposed 20 feet below it.

Bigheart sandstone—The name Bigheart sandstone was given by
Snider* to a series of sandstones [and shales] 175 feet thick exposed
in the hills west of the town of Bigheart. Tn the present report the
name is restricted to beds of sandstone 57 to 70 feet thick resting on
the same shale as at Bigheart. Thus applied, the Bigheart includes a
series of rough massive lenticular sandstones which generally form
two prominent benches. Itisunderlain by 50 to 100 feet of gray shale,
which is locally red in its upper 6 feet, and overlain by a thin bed
of shale which separates it from the thinner, more slabby sandstones

1Clark, F. R, report on T. 26 N,, R, 11 B.: U. 8, Geol. S8urvey Bull. 686-1, 1918,
3 8nider, L. C., Preliminary report on the clays and clay industry of Oklahoma: Okla-
homa Geol. Survey Bull. 7, p. 221, 1911.
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above, In the eastern part of T. 25 N., R. 11 E,, the base of the sand-
stone was traced (see Pl. XI); in the southwestern part the top of
the first bench, from 10 to 26 feet above the base, was traced; and in
the northwest corner of the township the top of the sandstone, which
is marked by a rough, knotty surface, was traced. The top of this
sandstone is well exposed along the road south of the middle of the
north line of sec. 21, T. 25 N, R. 11 E.

Sandstone 43 feet above Bigheart sandstone.—The sandstone out-
crop in the northwest corner of T. 25 N., R. 11 E. (see Pl. XI), is a
rough, blocky bed 43 feet above the top of the Bigheart sandstone.
This sandstone is in places a prominent ledge, which is not traceable
far beyond the limits of that township.

ROCKS NOT EXPOSED.

The Pennsylvanian rocks not exposed in this area are known from
their outcrops to the east and from well logs. Plate XII shows in
graphic form six typical well logs arranged in general along an east-
west line across T. 25 N., Rs. 11 and 12 E,, and a generalized section
showing the exposed rocks and the most noteworthy unexposed rocks.

Big lime—The first generally recognized bed encountered in the
wells is the Big lime, which is found at depths ranging from 900 feet

, below the surface on the east side of this area to 1,200 feet on the
west side. This is the shallowest productive formation within the
area; it yields gas in small quantities—1,000,000 to 2,000,000 cubic
feet a day in a number of widely separated wells—but so far as
known does not yield oil in this area. It has an average thickness
of about 77 feet.

Peru sand.—The Peru sand is generally separated from the Big
lime by 20 to 25 feet of shale and is encountered in the wells at
depths of 1,000 to 1,300 feet. In these townships this sand is pro-
ductive of oil in only two wells, so far as known, both in the NE. }
sec. 4, T. 25 N., R. 12 E,, in which the initial daily production was
1 to 2 barrels. This sand appears to have a maximum thickness of
50 feet and to extend over a considerable area. Under favorable
structural and sand conditions it would be expected to yield small
quantities of oil.

“ Oswego lime.”—The “ Oswego lime ” is about 200 feet below the
top of the Big lime, or from 1,100 to 1,400 feet below the surface in
this area. It has an average thickness of about 73 feet and is one of
the important subsurface key beds in the region. It yields 2,500,000
to 5,000,000 cubic feet of gas a day in wells in the western part of
T. 25 N,, R. 12 E., and the eastern part of T. 25 N., R. 11 E. The gas
is believed to came from the porous dolomitized limestone.
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Squirrel sand.—The Squirrel sand is the next productive forma-
tion below the “ Oswego lime” and is usually separated from it by
10 feet or more of shale. This sand is recognized in many of the
wells over the entire area and has a thickness of 10 to 40 feet. So
far as known, oil is not obtained from the sand in this area, but at
least three wells in secs. 4 and 20, T. 25 N., R. 12 E., obtain gas
from it. It has yielded a show of oil and much salt water in many
wells.

Pink lime.—Below the “ Oswego lime” the next bed, which is
assily recognizable over a large area, is a hard limestone, from 5 to 8
feet thick, called by drillers “ pink lime.” It is found approximately
* 200 feet below the top of the “ Oswego lime,” or from 1,300 to 1,600
feet below the surface in T. 25 N., Rs. 11 and 12 E. It is a valuable
key bed, as it occurs from 100 to 123 feet above the Bartlesville

sand.

' Bartlesville sand.—Under the name Bartlesville sand are included
a group of productive sands lying between the pink lime and the
“Mississippi lime.” At different places the Bartlesville has been
divided into several locally named sands, but these subdivisions are
not applicable over a large area, as the sands are essentially len-
tcular, and although found over a wide area at about the same hori-
zon they represent discontinuous sand bodies. They probably rep-
resent that part of the section that is of Pottsville age.

In this area the top of the Bartlesville is reached at a depth of
1,400 to 1,800 feet. It is penetrated in relatively few wells, and con-
sequently its thickness is imperfectly known; it is found, however,
to vary irregularly in thickness from 30 feet to a maximum of about
120 feet. Locally it yields large flows, presumably becausc of its
- thickness, coarseness, and high porosity, but “offset” wells within
300 or 600 feet of the flowing wells may prove to be only small
pumpers, owing probably in part to decrease in the thickness of the
sand but mainly to decrease in porosity. Such local variations are
marked in secs. 11 and 14, T. 25 N,, R. 11 E.

The Bartlesville is the principal productive sand in this area. It
vields relatively small quantities of oil, but the wells are generally
long lived. The initial daily production of 133 wells in T. 25 N.,
R 11 E., was 14,638 barrels, or an average of 110 barrels. Most of
the wells producing from the Bartlesville range in initial production
from 50 to 150 barrels.

“Mississippi lime.”—The Bartlesville sand is usually separated by
% to 50 feet of shale from the underlying limestone, commonly
called the “ Mississippi lime.” The age of this limestone is not deti-
nitely determined, but it is believed to be the equivalent of the
Boone limestone of northeastern Oklahoma, as shown in Plate XII.
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It has yielded gas in a number of scattered wells in the area but, so
far as known, only showings of oil. However, no well should be
abandoned as dry until it has tested for oil and gas the upper 300
feet of this limestone, the top of which is reached at depths of 1,500
to 1,900 feet in this area.

STRUCTURAL FEATURES.

The general structure of this area conforms to that of the region
as a whole and shows the normal west dip, averaging 40 feet to the
mile, interrupted here and there by numerous relatively small folds,
as shown on Plate X1. The structure contours on this plate are based
on a theoretical datum approximately 200 feet above the top of the
Torpedo sandstone. Slight convergences between this sandstone and
a lower limestone, which make this interval vary somewhat, are
taken into account. Between the Torpedo sandstone and the Big-
heart sandstone there is a variation in interval amounting to approxi-
mately 50 feet, which was also taken into account and which prevents
the structure as shown from conforming exactly with that derived
from the local contouring on the basis of the upper beds. The posi-
tion of the contours shown in Plate XI by broken lines is in doubt,
owing to insufficiency of rock outcrops.

The contours on the maps in this report match exactly those for
the townships to the south and west, where the same beds were used
as key rocks. The contours along the north edge of T. 25 N., R. 11 E.,
do not tie with those for the adjoining township to the north, be-
cause in general higher beds were used for contouring in the southern
township than in the northern one and the lenticular character of
the beds made it impossible to tie the key rocks together so that
the convergences could be correctly taken into account. Along the
line between Tps. 25 and 26 N., R. 12 E., the contours tie up fairly
closely, and when the work in the northern township is completed
they may be found to match exactly, because the same general series
of beds was used in both townships.

AREAS OF FAVORABLE STRUCTURE.
T.25 N.,R.12 E.

In T. 25 N., R. 12 E., there are four well-developed anticlines—
the Farrell, Perrier, Zola, and Forty-seven—and parts of two others,
the west flank of the County Line anticline and the south flank of
an unnamed one which extends into sec. 4. (See fig. 19 and Pl. XI.)

County Line anticline.—The County Line anticline, so named from
its position along the Washington-Osage county line, in secs. 15, 22,
and 27, has not been outlined in its entirety, as the mapping was not



carried beyond the limits of Osage County.

T. 25 N., BS. 11 AND 12 E.

81

This anticline is sepa-

rated by a low saddle from the Farrell anticline to the west, and
has its crest along the county line in secs. 22 and 27. A large pool
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of oil has already been developed on it, as shown on Plate XI, ex-
tending down on its western flank almost to the saddle referred to
sbove. The limits of this pool are gradually being extended, espe-
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cially to'the southwest. To judge by the structure, the pool is more
likely to be considerably extended to the south, in secs. 22, 27, and
28, than in any other direction. Continued drilling away from the
proved area as long as profitable wells can be completed is the
accepted way of finding.the limits of the pool. Except one small well
in the SW. } sec. 22, which probably derives its oil from the Peru
sand, all the wells in this pool obtain oil from the Bartlesville, which
consists here of two separate sands from 30 to 40 feet apart. Accord-
ing to the driller, the Bartlesville thins near the south end of the
pool, as now developed, and thickens to the north. Few if any well-
located tests have reached the “ Mississippi lime” on this anticline,
and no wells have completely tested it. A deep well near the center
of sec. 22 would be justified to test this lime. Its depth can not be
accurately forecast, as no reliable logs are available for this area,
but it lies approximately 1,450 to 1,500 feet below the surface.

Farrell anticline.—The Farrell anticline, so named from the allot-
tees who hold much of the land on it, lies mainly in sec. 20 but ex-
tends into secs. 16, 17, 21, and 29, covering an area of about two
sections. The crest of the anticline extends northeastward across the
southeast. corner of sec. 20 and northward along the east side of the
section to a point near the middle of the line between secs. 16 and 17,
where it plunges-to the north. The crown.or high part of this anti-
cline is outlined by the 1,150-foot contour, which is the lowest closed
contour; it has a reversal of 40 feet and an area of closure of about
300 acres. This anticline is separated by low saddles from the County
Line anticline on the east and the Perrier anticline on the southwest.
On its northwest side the beds dip steeply to'a shallow syncline which
separates it from the Zola anticline.

The Farrell anticline has been extensively tested for gas, which is
found in the “Oswego lime,” Big lime, Squirrel and Bartlesville
sands, and “ Mississippi lime.” So far as known only three dry holes
have been drilled on this anticline. One well in the NW. } NE. }
sec. 17 was dry in the Bartlesville sand at a depth of 1,812 feet;
another in the NW. } NW. } sec. 21 was dry after having penetrated
21 feet into the “ Mississippil lime” at a depth of 1,866 feet; the
third, of which no record is available, is in the NW. } NE. } sec. 29.
The records of all the wells that have reached the Bartlesville on
this anticline indicate a thickness of 70 to more than 100 feet. No
oil has yet been found on this anticline, except possibly in & well in
the SW. } NW. } sec. 21, which is shown as an- abandoned well on
the accompanying map. There is no reason why oil should not be
found, as the structure and sand conditions are favorable. A favor-
able place for a test is near the center of the SE. } SW. } sec. 20.
The depth to which a well will have to penetrate to reach the dif-
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ferent formations, allowance being made for differences in elevation
and dip and in the rocks that will be encountered, is shown by the
log of the Union Oil Co.’s well No. 49 on Plate XII.

Perrier anticline.—The Perrier anticline lies in secs. 30 and 31,
T. 25 N., R. 12 E., and secs. 25 and 36, T. 25 N, R. 11 E. The anti-
cline is bordered on the east by a broad, shallow syncline, whose axis
follows the line between secs. 31 and 32 and has a blunt ending in
sec. 29, T. 25 N, R. 12 E.; on the north it is separated by an equally
broad, shallow syncline from the Zola anticline. To the northeast
the Perrier anticline is connected by a low saddle with the Farrell
anticline, and to the west a nose of the Perrier anticline may be
considered to connect it with the Boston-Osage anticline. The crown
or high part of this anticline is in secs. 30 and 31, T. 25 N., R. 12 E,,
and is outlined by four closed contours, the 1,120 to 1,150 foot con-
tours, forming an inclosed area of approximately 400 acres. From
this crown a nose leads off to the west and a smaller and less con-
spicuous one to the southwest.

Six wells have been drilled on this anticline—one gas well and two
oil wells, all now abandoned, and three dry holes. The abandoned
gas well in the SW. } NW. } sec. 31, T. 25 N., R. 12 E., found gas in
the Bartlesville at 1,649 to 1,696 feet and water at 1,696 to 1,810 feet,
the bottom of the well. The logs of the three other wells in this
section are not available. The abandoned well in the NW. } NE. }
sec. 36, T. 256 N., R. 11 E., had an initial daily production, before
being shot, of 5 barrels of oil and 1,000,000 cubic feet of gas from
the Bartlesville sand. The Bartlesville was reached at 1,638 feet
and extended down to 1,780 feet. The log records gas and water in
the “ Oswego lime” and gas, a show.of oil, and water in the Peru
sand, which is 50 feet thick and was encountered at 1,170 to 1,220
feet. The well in the NE. } NE. } of the same section was reported
as dry, although its log showed sand from 1,657 to 1,780 and from
1784 to 1,799 feet, with gas and oil in the upper part. It seems likely
that this well might have been successful had it not been drilled so
deep into the sand, to a level where it was saturated with water.

Favorable structure, a thick sand, and a good gathering ground
indicate that this anticline should be productive. Two wells have
been drilled in the NW. } NW. } sec. 31, T. 25 N,, R. 12 E., but the
records of these wells are not available, and it is not known how
deep they were drilled. So far no test has been made of the highest
part of the fold, which is in the SW. } sec. 30. It is almost certain
that gas can be developed in paying quantities in that quarter sec-
tion, and it is highly probable that oil can be obtained on the flanks
of this anticline in paying quantities over a considerable area. Be-
sides the Bartlesville, the Peru sand, the “ Oswego lime,” and the
upper 300 feet of the “ Mississippi lime ” should be fully tested. A
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favorable locality for a deep test would be on the crest of the fold
near the center of the SW. } sec. 30. The depth to the different for-
mations varies considerably with the locality, but the approximate
. depths will be as follows: “ Oswego,” 1325 feet; Bartlesville, 1,650
feet; “ Mississippi lime,” 1,850 feet.

Zola antioline.—The Zola anticline, so named from the Zola Oil
Co., which holds leases on most of it, lies 2 miles north of the Perrier
anticline, mainly in secs. 17, 18, and 19, T. 25 N., R. 12 E,, but ex-
tends into the SE. } sec. 13 and the NE. } sec. 24, T. 25 N, R. 11 E.
This anticline has unusually steep dips on its north and northwest
flank and gentle dips on its east, south, and southwest flank. It is
bounded on the northwest and southeast by synclines which separate
it from the Phillips and Farrell anticlines. The lowest closed con-
tour is the 1,090-foot and the highest is the 1.120-foot, giving a
closure of 30 to 40 feet and an area of closure of approximately one
section, or 640 acres. This area of closure is in the southeastern
part of sec. 18, the southwestern part of sec. 17, and the northern
part of sec. 19.

This anticline is entirely untested; the nearest wells are two dry
holes in the syncline three-quarters of a mile southeast of the crest
of this fold. Structurally this anticline is favorable for oil and gas
accumulation, and though nothing is known of the local conditions
of the sands, it may be inferred from the conditions on the Farrell
anticline, a mile to & mile and a half to the east, that they would be
favorable here. It would be reasonable to look for gas in the Big
lime, “ Oswego lime,” Bartlesville sand, and “ Mississippi lime” and
for oil in the Bartlesville. A favorable place to test this anticline
for gas would be near the center of the SE. } sec. 18, and for oil in
the SW. 1 SW. } of the same section, T. 25 N., R. 12 E,, or in the
NW. 1} NE. } sec. 24, T. 25 N, R. 11 E. Near the crest of this fold
and in the bed of Candy Creek the top of the Big lime may be ex-
pected at about 925 feet and the other formations at depths below
corresponding to the intervals shown on Plate XII.

Forty-seven anticline—The Forty-seven anticline, so named from
its position near the center of lot 47, is mainly in secs. 5 and 8 but
extends into adjacent sections. It is bounded on the east by a closed
synclinal depression; it is connected on the south by a saddle with
the Farrell anticline, on the west-southwest by a long, projecting
nose and saddle with the Phillips anticline, and on the northeast by
another saddle with the unnamed anticline which extends into sec. 4.
The lowest closed contour is the 1,090-foot and the highest one is the
1,120 foot, giving a closure of 30 to 40 feet and an area of closure of
about one-third of a section, or 200 acres. The highest part of the
anticline is largely in the NE. } sec. 8 but extends into the edge of
the adjoining sections on the north and east. The anticline is
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roughly triangular in outline, the three points of the triangle being
represented by the three noses which are connected by low saddles
with the three anticlines mentioned above. The nose extending to
the southwest is broad and flat, possessing a form resembling some-
what a terrace, as shown in the W. } sec. 8 and the E. § sec. 7.

Oil has been obtained in large quantities on the north and north-
west sides of this fold, and the productive area is almost continuous
across the saddle which connects it with the anticline to the northeast.
The oil comes exclusively from the Bartlesville sand, and the initial
daily yield of the wells is usually from 20 to 30 barrels. The Peru
sand is reported to be about 40 feet-thick here, but so far has been
found to be unproductive. From a consideration of the structure the
most likely region where an extension of the pool will be found is in
the NE. } and the E. § NW. } sec. 5 and in the N,  sec. 8. So far as
known, the wells on this anticline have not reached the “ Mississippi
lime,” which will probably be productive of gas. A good location for
2 test well in the “ Mississippi lime” would be in the NW. } NE. }
NE. } sec. 8. At this locality the depth to the * Mississippi lime” is
spproximately 1,850 feet.

T.25 N,R.11 E.

General features—The dominant structural features of T. 25 N,
R. 11 E,, consist of a belt from 1 to 2 miles wide, crossing the town-
ship diagonally from sec. 2 to sec. 30, in which the dip is strong to
the northwest, and areas of more gentle dips with gentle folds on
both sides of this belt. (See Pl. XI and fig. 19.) The eastern mar-
gin of this belt of strong northwest dips is believed to afford excep-
tionally favorable structural conditions for the accumulation of oil
and gas, especially where anticlines occur.

In this township the Bartlesville sand varies widely in thickness
and porosity, causing the initial production of wells to vary markedly
from place to place. In the northeastern part of the township, on
what is subsequently described as the Phillips anticline, the sand
varies irregularly in porosity, and consequently the wells have a
wide range in initial production. In the southwestern part of the
township the sand conditions are particularly favorable in a belt
stretching from a point near the southwest corner of sec. 30 to the
southeast corner of sec. 16, in which the initial production of the
wells ranges from 100 to 1,000 barrels a day. The particularly favor-
able character of the sand in this belt probably accounts for the oc-
currence of oil in the synclinal depression in the SE. } sec. 17, which
would be expected from structural considerations to be barren of
oil. Tt is not certain, however, that this minor syncline in the sur-
face rocks is repeated in the Bartlesville sand.
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Only one fault of considerable extent, which may affect the deeply
buried rocks, has been found, but there are a number of small faults
which are believed to affect only the surface rocks. A conspicuous
small local fault, which is not traceable more than a quarter of a mile,
occurs in the SW. } SW. } sec. 14. It strikes almost due east and has
a downthrow of about 85 feet on the south side. The largest fault
found in this township is in sec. 34, and although it is difficult to
trace, it is believed to be about a mile long. It trends N. 20° W. and
has a downthrow on the northeast side, amounting to about 60 feet
near its middle.

Phillips anticline—The Phillips anticline, so named from the
Phillips Petroleum Co., which has a large camp on it, is an elongated
fold extending from sec. 13 almost due north through secs. 12 and 1
into sec. 36 of the adjoining township. The 1,050-foot contour is the
lowest closed contour, and the area of closure is about one and a half
sections. There are two crowns or domes on this anticline, one at the
north end, in the N. } sec. 1, which may be appropriately called the
North Phillips dome; and another near its south end, in the SW. { sec.
12 and the NW. } sec. 13, which may be called the South Phillips
dome. The North Phillips dome, which is outlined by the 1,060 and
1,070 foot closed contours, shows steep dips to the west, north (in
the adjoining township), and east; to the south it is connected by a
low, narrow, closely folded saddle with the South Phillips dome.
The South Phillips dome is also outlined by the 1,060 and 1,070 foot
closed contours and shows a strong dip to the west and gentle dips
to the north, east, and south.

The known limits of the oil and gas pool on this anticline are now
being rapidly extended. Gas has been found on the crowns at the
two ends of the anticline, and oil on its west flank. Gas will prob-
ably be obtained in large amounts in a large part of the area sur-
rounded by the 1,050-foot contour, especially in the S. } sec. 12, the
NW. } sec. 18, and the E. } NW. } and the W. } NE. } sec. 1. The
oil pool will probably be found to extend to the north over the W. 3
- W. 3sec. 1,the E. } E. § sec. 2, the E. } sec. 11, the greater part of sec.
12 except the NE. }, the E. } sec. 14, and the NW. } sec. 13.

Oil in this pool is produced exclusively from the Bartlesville sand.
The wells here range in initial production from a fraction of a bar-
rel to 1,000 barrels a day, but most of them produce from 10 to 100
barrels. There is a wide variation in the production of wells only
500 to 600 feet apart. This variation, which is believed to be due to
local sand conditions, is marked in the NE. } sec. 14, where there are
a 1,000-barrel well and a 10-barrel well 500 feet apart. In an area
where the sand shows so wide a variation in thickness or porosity,
or both, a dry hole should not be considered to condemn even a
quarter section, provided it is in an area of favorable structure.
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Although it is likely that a number of small wells and dry holes will
be drilled in the area outlined above as probably productive, it is
believed that oil will eventually be obtained in much of the area.
As the long west dip favors drainage to this fold the entire
area of favorable structure should be carefully tested. It seems
probable that a small quantity of oil may be found in the Peru
sand, which is reported to have a thickness of 30 feet or more. Gas
has been found here in the *“ Oswego lime,” Bartlesville sand, and
“Mississippi lime.” So far as known, only one well in this area has
penetrated more than 10 or 20 feet into the “ Mississippi lime,” which
is worthy of a deep test. Favorable localities for deep tests are in
the SW. 3 SW. } sec. 12 and near the center of the NW., } sec. 1.
The depth to the top of the “ Mississippi line” in the first locality is
approximately 1,860 feet, and in the other about 75 feet less.

Boston Osage anticline—The Boston Osage anticline, so named
from the oil company that holds leases to a considerable part of it,
is in the south-central part of the township, largely in secs. 21, 22,
23, 26, 27, and 28. It is a.broad, irregular-shaped anticline with two
crowns. It has fairly strong dips on its southwest, west, and north-
west flanks and gentle dips on the east into a broad, shallow syncline.
On the southeast it is connected by a saddle with a long anticlinal
nose which projects from the Perrier anticline. The dips on its
south flank are locally increased by a fault which trends N. 20° W,
and has a downthrow of about 60 feet on its east side. The eastern
crown of this anticline, which lies largely in the NE. } sec. 27, is out-
lined by the 1,040-foot contour, which incloses approximately 250
acres. The western crown is largely in the NE. } sec. 28 and is out-
lined by the 1,030-foot contour; it has a reversal of about 20 feet and
an area of closure of approximately 140 acres.

The Boston Osage anticline has a number of scattered oil and gas
wells on its northern and northwestern flanks. Gas is derived from
both the Bartlesville sand and the “ Mississippi lime ”; oil is derived
from the Bartlesville only. The oil wells so far drilled have been
small producers, yielding from 10 to 20 barrels daily. The gas in
wells on the flanks of the anticline is derived from the “ Mississippi
lime.” The fold is large and well placed with reference to the belt
of steep dips. To judge from the area of favorable structure and the
scattered oil and gas wells on it the productive area can be consider-
ably extended by further drilling. The chances for extension are
particularly good in secs. 21, 22, 27, and 28 and the western part of
sec. 23, and possibly in the northern part of sec. 33. Tt is likely that
the Bartlesville sand will yield largely gas on the crowns and oil on
the north and northwest flanks of the anticline. Drilling should be
continued away from the already productive wells in an effort to
ascertain if the pool extends over the area of favorable structure as
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outlined above. Structurally this area is comparable to that of the
Phillips anticline, and if the sand conditions are favorable a pool
approaching the one on that anticline may be discovered here.

Javine anticline—The Javine anticline, so named from the allottees
who own much of the land on it, lies in secs. 29, 30, 81, and 82. This
anticline has strong dips to the northwest, west, and south; on the
east it is separated from the Boston Osage anticline by a shallow,
broad saddle. It has a closure on the east of not more than 10 or 20
feet. It is not certain whether the 970-foot contour is closed as indi-
cated on Plate XI; if it is, the area of closure amounts to about 400
acres and lies in the SW. } sec. 29, the SE. } sec. 30, the NE. } sec. 31,
and the NW. } sec. 32. From the main part of this anticline a nose
leads off toward the northwest into sec. 25 of the adjoining township.
'The 930-foot contour shows a small area of closure on this nose along
the township line.

Oil has been obtained in large amounts on the west flank, and par-
ticularly on the northwest flank, of this anticline. The oil pool ex-
tends to the northeast beyond the limits of this anticline to the Dunn
terrace, to be described later. So far the crest of this anticline has
not been drilled ; when it is drilled it is likely to prove gas bearing, as
the wells highest up on its flank yield large amounts of gas with the
oil. The belt in which the wells show the greatest yield, ranging in
initial daily production generally from 100 to 200 barrels and excep-
tionally to as much as 1,000 barrels, trends northeastward from a
point near the southwest corner of sec. 30 to the southwest corner of
sec. 16. This belt has its maximum width of half a mile near the
northeast corner of sec. 30. Both northwest and southeast of this
belt the wells diminish in production to 10 barrels or less. The
greater productivity of the wells along this belt is believed to be due
to the greater porosity and thickness of sand along it.

The extensions of the oil pool on this anticline will most probably
be found in the N. } sec. 31, the NW. { sec. 32, and probably the
greater part of sec. 29 except the SE. . Gas will probably be found
over much of the area inclosed by the 970-foot contour. Continued
drilling away from the productive area will gradually define the limits
of the pool in the most economical way.

Dunn terrace—The Dunn terrace is a broad, poorly defined area
of relatively flat beds, covering the greater part of secs. 8 and 9, the
W. 3 secs. 10 and 15, and most of secs. 16, 17, 20, and 21. It is bor-
dered on the east and southeast by an area of relatively steep west
and northwest dips; on the west and north it is less clearly defined
but is considered to be limited by the 930-foot contour. On the sur-
face of this terrace are two small anticlines and one closed synclinal
depression. The larger of the anticlines, in the SW. } sec. 9 and
the NW., } sec. 16, is dome shaped and is outlined by the 960-foot
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contour. It has an area of closure of slightly more than a quarter
of a section and a reversal of dip amounting to 20 feet. The other
anticline lies largely in the SE. } sec. 20 and has only one closed
contour, the 960-foot contour. It has strong dips on its west and
northwest sides, but on the east it merges into the terrace and is
poorly defined. The synclinal depression is outlined by the 940 and
930 foot closed contours and lies largely in the SE. } sec. 17 but
extends over into the sections adjoining on the east and south.

The oil pool on the Javine anticline, described above, extends
northeastward to the southern part of the Dunn terrace. Oil has
been found in the area of favorable structure and also in the syn-
clinal depression described above. Its presence is probably due to
the belt of favorable sand which crosses this area. (See p. 88.) This
pool is being actively drilled and extended at this time (August,
1918). Large wells have been drilled in the SW. } and the NE. }
sec. 20 and in the SW. } sec. 16; the maximum initial daily produc-
tion has been 1,000 barrels. To judge from the structure and the
present developments, this pool extends over practically the whole
of sec. 20 and probably a large part of secs. 21 and 16, the eastern
part of sec. 17, and the SW. } sec. 9. This area is along the trend
of large producing wells and is believed to offer good prospects for
oil production because of favorable sand conditions. Oil may be
found on the northwestern edge of the Dunn terrace; a favorable
place to test this area would be near the center of the NW. } sec. 8.

Cedar Creek anticline—Leading to the west from the Dunn ter-
race is the Cedar Creek anticline, which extends from the N. } sec. 18
into the adjoining township, where it is largely developed. In this
township this anticline has the form of an anticlinal nose, with its
high part trending west through the center of the N. } sec. 18. A
favorable locality for testing this anticline is in the center of the
NW. } NW. } sec. 18. The depths of the different formations there
are approximately the same as in the dry hole drilled in the SE. }
sec. 7, where the Bartlesville was penetrated at 1,786 to 1,846 feet
and the “ Mississippi lime ” at 1,915 to 2,207 feet. In that hole the
Bartlesville was reported to be barren of oil and water.

Lost Creek anticline—The Lost Creek anticline, which is mainly in
T. 26 N., R. 11 E,, extends into this township along the line between
secs. 5 and 6. There the high part of the anticline is outlined by the
910-foot contour, which is closed in the two townships. This part of
the anticline shows moderately strong dips to the west and east, but
on the south the beds are relatively flat. A favorable locality to test
this anticline would be near the center of the NE, } sec. 6. There the
Bartlesville and the “ Mississippi lime ” may be reached at substan-
tially the same depths as in the well in the SE. } sec. 7, as stated
above, allowance being made for the difference in elevation of the
mouths of the wells.



90 OIL AND GAS RESOURCES OF OSAGE RESERVATION, OKLA.

AREAS OF UNFAVORABLE STRUCTURE.
T.25 N.,R.12 E.

" Oil is commonly found in the Osage country associated with anti-
clines, terraces, or structural noses, and most commonly on the west
and northwest sides of these features; it is seldom found in major
synclines or in areas of featureless normal west dips. Therefore, the
areas least likely to be productive of oil are synclines such as that
trending southward from sec. 29 along the line between secs. 31 and
32, T. 25 N., R. 12 E,, into the adjoining township on the south and
that trending south along the creek in sec. 6 to the southern edge of
sec. 7, where it forks. Another unfavorable area is in the closed
syncline which extends from the center of sec. 4 southward to the
southern edge of sec. 9 and in its more constricted extension south-
ward through the center of sec. 16. Qil has been found on the west
flank of the Forty-seven anticline, but it probably does not extend
down the dip much, if any, below the 1,050-foot contour. The low,
flat syncline extending southwestward from the center of sec. 17 to
the southwest corner of sec. 19 is also likely to be unproductive of oil.

T.25 N,R.11 E.

The southern part of secs. 32 and 33, T. 25 N., R. 11 E., are parts
of a broad syncline which extends into the adjacent township to the
south and will probably be unproductive of oil. The large closed
syncline in secs. 3 and 4 and the lower part of the area of west dip
in the western part of secs. 2, 11, and 14 and the eastern part of secs.
10 and 15 are also quite likely to be barren of commercial accumula-
tions of oil. In general this township can best be developed by test-
ing first the favorable folds and by drilling the productive pools until
they are completely defined.



T. 26 N, RS. 9, 10, AND 11 E.
By Frank R. CLark.

INTRODUCTION.

The area described in this paper embraces T. 26 N., Rs. 9, 10, and
I1E, and lies in the eastern part of the Osage Reservation. (See
fig. 1) The country is sparsely settled, there being within this area
few farms and only one small town, Okesa. The.Missouri, Kansas &
Texas Railway traverses the southeast corner of R. 10 E. and the
central part of R. 11 E., and a new branch of the Atchison, Topeka
&Santa Fe Railway (now under construction) traverses the east side
of R.9 E,
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Ficoze 20.—Sketch showing area mapped by each geologist in T. 26 N., Rs. 9, 10, and
11 E., and location of wells shown in Plate XVII.

Field work in these townships was done for varying periods be-
tween August, 1917, and June, 1918, by K.+«C. Heald, W. A. English,
E R. Lloyd, J. P. Buwalda, P. V. Roundy, E. M. Spieker, and the
Writer, assisted by Lewis Mosburg, Earl Crandall, and R. L. Trip-
lett, instrument men. The area mapped by each geologist is shown
in figure 20. The writer, assisted by the men mentioned above, is
responsible for the portion indicated without shading. The geol-
0gzy was mapped with plane table and telescopic alidade, but in

me densely wooded areas work of this sort was supplemented by
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barometer and compass traverse. The barometer work was carefully
checked and the structure contours throughout represent the attitude
of the surface rocks.

It will be found by comparing the maps of the townships covered
by this report with those of the adjacent townships that the contours
match exactly except along the boundary lines between Tps. 25 and
26 N, Rs. 10 and 11 E,, and T. 26 N, Rs. 11 gnd 12 E. The failure
to match here is due to convergences in one township between certain
key beds which are not present in another township and to the
presence of lenticular beds which are prominent only over small
areas.

STRATIGRAPHY.

ROCKS EXPOSED.
GENERAL FEATURES.

The exposed rocks in this area belong to the middle Pennsylvanian.
They consist of shales, sandstones, and limestones aggregating about
900 feet in thickness, and their character and succession are shown
graphically on Plate XVI. Shales and sandstones form the major
part of the exposed rocks, and the shales are the more abundant. The
principal limestones are the Plummer, the Lecompton, the middle
bed of the Oread, the Labadie, and the Stanton (%), which are ex-
posed from north to south across the area and constitute excellent
key rocks.

No detailed description of the stratigraphy will be given in this
paper, but for the convenience of those who wish o do detailed geo-
logic mapping in this area, a few of the most important beds or
key rocks will be described below.

EKEY BEDS,

Plummer limestone—The Plummer limestone is a member of
the Pawhuska limestone and occurs in the upper part of the lower
half of this formation. It outcrops in the west two tiers of sections
in T. 26 N,, R. 9 E. (see Pl. XIII), and is well developed just east
and north of Plummer’s ranch house, in sec. 8. It is about 9 feet
thick and consists of two benches each about 1 foot thick, separated
by about 7 feet of shale. The upper bench, in many places concealed
by float or slump from the overlying limestone, weathers in large
rectangular blocks from 6 inches to 1 foot in thickness. The rock
is dark steel-gray to brown on the weathered surface, but light gray
to white on fresh fractures and is massive and crystalline. In physi-
cal character and thickmess the lower bench is similar to the upper
bench, but it differs in containing an abundance of Fusulina.
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Lecompton limestone—The Lecompton limestone, described by
Heald,! is exposed: near the top of the flat divide in sec. 21, T. 26 N.,
R. 9 E,, and is well developed farther north in Little Sand Creek. It
is about 8 feet thick. In some places it is exposed in two benches,
each less than 2 feet thick, separated by about 5 feet of shale, but
elsewhere the lower bench is not developed or is replaced by under-
lying Elgin sandstone. The Lecompton, which is also a member of
the Pawhuska limestone, lies 30 to 35 feet below the top bench of
the Plummer limestone. It contains Fusulina and is of a bright
lemon color on weathered surfaces and dull russet-yellow on fresh
fractures.

Middle bed of Oread limestone—The bed of the Oread lime-
stone that is present in this area is regarded as the stratigraphic equi-
valent of the middle limestone bed of the Oread of Kansas. The
interval between the Lecompton and Oread limestones is filled mainly
with the Elgin sandstone (about 110 feet thick), and associated shales,
aggregating about 205 feet in thickness. The Oread crops out in the
east half of T. 26 N, R. 9 E. (see Pl. XIII), and is well developed
in the Pawhuska-Bartlesville road on the west side of the big hill
along the south line of sec. 36, T. 26 N., R. 9 E. In general ap-
pearance it resembles the Lecompton limestones, above described.
Where well developed it rarely exceeds 2 feet in thickness, and in
many places it is represented only by a thin band (1 to 8 inches) of
chertlike nodules about the size of marbles. The characteristic blue-
gray lime shale in which the Oread occurs and a red shale and white
sandstone series about 20 to 25 feet below it render the correlation of
the Oread certain and make it an excellent key rock.

Labadie limestone.—The Labadie limestone in this area occurs
about 180 feet below the middle bed of the Oread, but farther south
there is a strong convergence between them. Thus the distance be-
tween these beds in the southwest quarter of T. 25 N., R. 10 E,, is
only about 150 feet, whereas north of this area, in T. 27 N., R. 10 E,
it is about 170 to 180 feet. The Labadie limestone crops out through
the east-central portion of T.26 N.,R.10 E. (see P1. XIV), and is par-
ticularly well developed at Labadie Point, in sec. 9, and elsewhere on
Rock Creek and Sand Creek. This limestone in this area is from 5
to 8 feet thick. The upper portion weathers cinnamon brown and
the lower part gray brown, but on the fresh surface it is steel gray
and crystalline. In many places it is highly siliceous, and where best
developed it crops out in a vertical wall 5 feet or more high. It
weathers out in large blocks and forms conspicuous topographic
features. The bed does not contain many fossils, but in places they
may be found. In T. 27 N. a still higher bench of gray to white
color rests on the cinnamon-brown bed.

1 Heald, K. C,, U. 8. Geol. Burvey Bull, 691, pp. 67-65; 1918 (Bull 891-C).
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Revard sandstone.—The Revard sandstone, which occurs about 140
to 150 feet stratigraphically below the Labadie limestone, is well
developed at Revard Point, in sec. 13, T. 26 N., R. 10 E., and else-
where on Sand Creek in this vicinity. In several places 200 feet of
nearly continuous sandstone is exposed from the top of the Revard
downward, but the name is applied to the upper 30 to 40 feet, which
is usually separated from the sandstone below by a thin shale that
in places is bright red. The Revard is a massive, unevenly bedded
quartzose sandstone. It is highly cross-bedded, and in some places
the upper surface is ripple marked, but in others it is uneven, making
a poor surface on which to interpret structure. In places it is over-
lain by a red shale containing a thin productoid-bearing sandstone,
which lies from: 7 to 10 feet above the top of the Revard. This thin
sandstone aids in correlation and mapping and in the interpretation
of the structure. Two prominent sandstones crop out between the
Labadie limestone and the Revard sandstone. The upper one occurs
about 15 to 25 feet below the top of the limestone. It is massive
and ledge-making. The other sandstone, the Cheshewalla, described
by Winchester and Heald,! closely resembles the Revard and occurs
about 80 feet above it. This sandstone is 25 to 40 feet thick, is cross-
bedded and massive, and is overlain by red shale and fossiliferous
sandstone. Care must be used in mapping these sandstone beds, be-
cause the only basis for a distinction is their relative stratigraphic
position. '

Buck Point sandstone.—The Buck Point sandstone occurs 95 to
115 feet stratigraphically below the top of the Revard sandstone, de-
scribed above. Together with the -underlying shale it is well de-
veloped at Buck Point and elsewhere around the edges of the main
divide between Sand and Buck creeks in T. 26 N, R. 11 E. On
the north side of Buck Creek in secs. 2, 8, and 4 it is characterized by
a thin productoid-bearing stratum at -the top, which is easily trace-
able and insures definite correlations. The Buck Point sandstone is
about 45 feet thick and forms a prominent bench -with a vertical cliff
below. It is easily traced in the field, but over the greater part of
this area its only distinctive characteristic is the presence of a cal-
careous conglomeratic bed at or near the base, which at many places
7 associated with Fuswlina-bearing sand. Except for a thin shale
immediately overlying the Buck Point, the interval between the Re-
vard and Buck Point sandstone is occupied principally by sand-
stone, and in a few places the entire interval is filled with sand. Be-
low the Buck Point sandstone is a shale, which at Buck Point is about
75 feet thick and which occupies approximately the smme strati-
graphic position as the shale below the Bigheart sandstone, described

1 Winchester, D. E,, and Heald, K. C., report on T. 25 N, R. 10 E.: U, 8. Geol. Survey
Bull. 686-G, 1918.



T. 26 N., BS. 9, 10, AND 11 E. 95

by Hopkins.! The Buck Point and Bigheart are, however, not con-
tinuous and are probably not at exactly the same stratigraphic hori-
wn. They are therefore given different names.

Okesa sandstone.—The Okesa sandstone, so called because it crops
out near the railroad station and town of Okesa, forming the
first prominent bench half a mile to the southeast, occurs 65 to 115
feet below the Buck Point sandstone. The maximum distance was
measured at Buck Point and the minimum on Paula Creek south of
Okesa, and there is thus a 50-foot convergence between these sand-
stones toward the south and west. The Okesa is 20 to 30 feet thick
and is well developed on both sides of Sand Creek as far west as
Okesa but passes below drainage level in the bed of Sand Creek at
the Bartlesville-Pawhuska wagon road crossing half a mile north of
Okesa. It is also well developed on both sides of Little Rock Creek,
and the outcrop extends southward into T. 25 N., R. 11 E. 1In the
vicinity of Okesa it is confined to one bed which contains numerous
pelecypods and a few brachiopods, but in most places within this area
tvo benches are developed, separated by shale. The lower bench
generally massive and forms a ledge, and its upper surface contains
fossils, A thin nodular limestone crops out at many places about 5
feet above the lower bench. The upper bench, which is from 10 to 13
feet above the lower, is thinner and not so well exposed, but wherever
sen it contains ‘many pelecypods. A shale from 25 to 60 feet thick
occurs below the Okesa and above the Torpedo sandstone.

Torpedo sandstone and Stanton (?) limestone—The Torpedo
andstone, which crops out over a large area. in the eastern part of
T.26 N, R. 11 E., occurs about 65 feet below the. top of the Okesa
sudstone, but in places the stratigraphic distance between these beds
varies ag much-as 50 feet« The distance between the Okesa and Tor-
pedo sandstones in the SE. } sec. 7, T. 26 N, R. 12 E,, is 75 feet, and
Dear the center of sec. 1, T. 26 N., R. 11 E., it is not more than 25 feet,
showing a convergence of 50 feet in a distance of less than 2 miles.
Other convergences, though not so great, occur near Buck Point and
to the southwest. The torpedo sandstone is 20 to 30 feet thick, is
massive, and in general forms a ledge. In many places its upper sur-
face is filled with tubelike openings. An impure siliceous limestone,
probably the Stantom, occurs above thé Torpedo sandstone. The
limestone is generally separated from the sandstone by 2 to 9 feet of
blue-gray limy shale, containing crinoid stems, but in a few places it
tests directly on the sandstone. The limestone, though generally
thin, is in same places several feet thick. It contains many crinoid
stems and locally other fossils. It weathers lemon yellow, but on
fresh fracture is steel gray. The Torpedo sandstone and the Stan-

m‘lgoptlno. 0. B, report on T. 25 N., Rs. 11 and 12 B.: U. 8. Geol. S8urvey Bull. 686-H,
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ton (1) limestone are well developed in the bluff on the north side of
Sand Creek 1 mile northwest of Torpedo siding and also at many
places on Little Rock Creek and along. the Pawhuska-Bartlesville
road on the north side of Sand Creek.

ROCKS NOT EXPOSED.

Records of wellsin this area show that between the surface rocks
and the Big lime occur shale, sandstone, and limestone, and that the
shale aggregates a greater thickness than the sandstone and limestone
combined. Between the Big lime and the “ Mississippi lime ”” shale
and: limestone predominate, but there are a few prominent sandstones
which yield oil and gas. The character of the rocks is clearly indi-
cated in Plate XVII, in which is shown graphically the drillers’ in-
terpretation of the rocks penetrated. in several selected wells in this
area. These records are alined on the horizon of the middle bed of
the Oread limestone as a datum.

The Big lime is the first key bed that the driller has attempted to
recognize, and therefore his interpretation of the rocks above it is in
many logs only roughly recorded and in many others unfortunately
not recorded at all. Correlations of beds above the Big lime, from
well logs now available, must be based on relative positions. The
irregularities shown in the intervals between certain prominent sand-
stones or limestones may be in part true irregularities, due to varia-
tions in the conditions of deposition and in part simply the result of
errors in measuring or recording the log. From a study of surface
rocks it is known that prominent beds vary in thickness and that
strong convergences eXist between these beds, but many logs show
impossible conditions. It is therefore suggested and urged that the
utmost care be taken in future drilling to record the log accurately
from the surface to the bottom of the hole, because such a record will
materially aid the geologist and also the driller in the interpretation
of these rocks and of their bearing on the production of oil. The
driller has takerr more pains to record the character of the rocks be-
tween the top of the Big lime and the “ Mississippi lime,” probably be-
cause most of the oil produced at present comes from that interval and
also because these beds contain characteristics which he more easily
recognizes.

The distance between the horizon of the middle bed of the Oread
limestone and the Big lime ranges from 1,350 feet in sec. 7, T. 26 N,
R. 9 E,, to about 1,580 feet in sec. 25, T. 26 N., R. 11 E., and averages
about 1,500 feet for the logs shown in Plate XVII.

Below the Big lime is a sandstone and shale series aggregating
65 to 110 feet, followed by a limestone (the Fort Scott) 60 to 100
feet thick, usually called “ Oswego lime ” by the drillers. The Peru
sand, normally present between the Big lime and the *“Oswego
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lime,” is either absent in several of the wells whose logs are shown in
Plate XVII or the drillers failed to recognize it. The Pern sand
in places in Osage County is productive of oil. The “Oswego
lime ” is usually separated into several benches by partings of black
shale, a characteristic which aids the driller in recognizing this key
bed. Showings of gas are reported from this bed, but no big yield
is known in this vicinity. Below the “ Oswego lime ” and above the
“ Mississippi lime ” is a series of shale, sandstone, and thin limestone
from 250 to 375 feet in thickness in which the shale aggregates many
times the amount of sandstone and limestone. The productive oil
and gas sands in this interval are the Squirrel and Bartlesville. The
Squirrel sand ranges from 10 to 138 feet in thickness and, according
to most of the logs studied, is separated from the “ Oswego lime ” by
shale, but in several places the lime rests directly on the sand. The
beds between the Squirrel and the Bartlesville consist mainly of shale
with a number of thin limestones, one of which is the so-called
Pink lime, which in some parts of Osage County is easily recog-
nized by the driller. Between the Pink lime and the “ Mississippi
lime” is a series of sandstone interbedded with shale. Any pro-
ductive sand in this interval is called Bartlesville by the drillers,
and in this region the Bartlesville embraces the basal portion of the
Cherokee—that is, of the Pennsylvanian. Several wells in this area
have gone below the Bartlesville and associated sands and reached a
limestone commonly called the *“ Mississippi lime,” which probably
represents the Boone limestone of northeastern Oklahoma and Kan-
sas, but the correlation is not at present absolutely certain. Its
thickness is not known, because it has not been completely penetrated,
but at several places in Osage County beds below the top of this
lime have yielded oil and gas in commercial quantities. It should
be tested to a depth of 300 feet in areas of distinctly promising
structure.

A study of the logs of wells drilled in this area shows many
irregularities in the thickness and character of the rocks between
certain recognizable key beds but reveals a very significant fact,
namely, that between the surface beds and the “ Mississippi lime”
there is a strong divergence toward the south and east. The well
logs are so chosen (see fig. 20) that by combining certain logs profile
sections may be had in almost any direction. As they are arranged
in Plate XVII they show roughly north-south and east-west pro-
files. The “ Mississippi lime” is stratigraphically more than 400
feet deeper at the southeast corner of T. 26 N., R. 11 E,, than it is at
the northwest corner of T. 26 N., R. 9 E. The few available detailed
well logs show variations in the position of the *“ Mississippi lime,”
but as a whole the logs shown in Plate XVII are convincing and are

sufficient to establish the existence of this strong divergence.
80703°—22—8 [
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STRUCTURE.

AREAS OF FAVORABLE STRUCTURE.
GENERAL FEATURES.

The area covered by this report is a portion of a much large
region in which the general dip of the rocks is to the west and north-
west. The presence of an east dip is therefore significant, because
it indicates an upfold that may yield commercial quantities of oil
and gas.

A study of the trend of oil production in many developed fields
in Osage County indicates that in general the oil occurs in areas of
anticlinal structure and that it has migrated up the dip from the
west. There appears to have been little migration of oil along the
strike of the rocks, even in small folds, because in many of the folds
commercial production is confined largely to the west flank unless
the uplift is large and there is considerable gathering ground in
other directions. In testing the oil possibilities of any fold one or
even two dry holes which are structurally favorably located should
not condemn the fold, because a “ tight sand ” may prevent the ac-
cumulation of oil in one part, whereas in another part an “open
sand ” may yield a good quantity of oil. No well favorably located
structurally should be considered a failure until it has penetrated
the “Mississippi lime ” at least 300 to 400 feet. Sites for test holes
are indicated on the accompanying maps (Pls. XIII-XV). These
gites are chosen with reference to structure and may be shifted slightly
if necessary to obtain favorable topographic positions.

The rocks in the west half of T. 26 N., R. 9 E., and the central,
northwestern, and southeastern parts of T. 26 N., R. 10 E,, dip
gently to the west, with few marked irregularities, in conformity
with the regional structure. The rocks in the east half of T. 26 N.,
R. 9 E., the southwest and northeast corners of T. 26 N., R. 10 E_,
and all of T. 26 N, R. 11 E., are more closely folded, producing
many uplifts which are favorable for the occurrence of oil and gas.
There are few faults in this area, the principal ones being confined
to the east half of R. 9 E., although a.few are found elsewhere. The
structure is shown by means of contours on the maps. These con-
tours are based solely on surface data and are drawn on a theoretical
bed 560 feet below the top bench of the Plummer limestone. -

For convenience in description the folds that are favorable for
oil will be described from west to east, beginning with the Myers
dome, in the northwest corner of T. 26 N., R. 9 E, (See fig. 21.)
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ANTICLINESINT. 26 N., R. 9 E.

The Myers dome is a nearly symmetrical dome with a small crown
situated near the center of sec. 12, T. 26 N,, R. 8 E. It has a closure
of more than 70 feet, and the lowest closed contour incloses about 3
square miles, of which about half a square mile lies in the W. } sec.
7, T. 26 N,, R. 9 E. A shallow sand is now yielding gas from this
dome, but oil and gas sands deeper than 1,000 feet have not been
tested.

The only deep well near the dome is in the SW. } NE. } sec. 7
(American Pipe Line No. 1). It was drilled to a depth of 2,250 feet
and probably reached the “ Mississippi lime ” at 2,180 feet, although
the lime in the bottom of the hole may be about the horizon of the
Pink lime. Even if the drill reached the “ Mississippi lime,” this
hole does.not test the oil and gas possibilities of the deeper sands, be-
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Ticuxs 21.—Sketch showing roughly the position of anticlinal axes in T. 26 N., Rs. 9,
10, and 11 E,, shaded to indicate the crests of folds.

cause the well is off the productive area and in the bordering syncline.
The proper location for a test well for that part of the Myers dome
situated in this area is shown on Plate XIII.

The Myers dome is the only pronounced uplift in the west half of
T. 26 N., R. 9 E,, but there is a considerable area that may vield oil
or gas. The rocks in the west two tiers of sections are comparatively
flat, but there are possibly three areas in which they may be slightly
bowed up—(1) the NE. } sec. 8, (2) the SW. 1 sec. 17 and NW. } sec:
20, and (3) the NW. } sec. 19. Structurally these areas are low, flat
terraces or possibly slight upwarps and may catch and hold some gas
and possibly oil. A striking northwest fault cuts the surface rocks
in secs. 19 and 29. The greatest displacement, 10 feet, is in the
SE. 1 sec. 19, and the downthrow is on the east.

A belt of steeply dipping rocks extends from north to south
through the middle of T. 26 N., R. 9 E. This belt is considered
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fairly favorable for the accumulation of oil, and test wells should be
drilled near the top of the steeply dipping zone. The “ Mississippi
lime ” will probably be reached within 2,200 feet.

BEN DOME.

The crown of the Ben dome is in the NW, } sec. 15, T. 26 N.,
R. 9 E. It has a'closure of less than 20 feet, and the lowest closed
contour incloses an area of about a’ quarter of a square mile. This
dome Has an ample gathering area and is structurally very favorable
for the accumulation of oil. The crown probably contains gas, and
tests for oil should therefore be drilled on the west flank at loca-
tions shown. on the map (Pl XIII)

Of these the most promising is that in the NE. } sec. 16, where the
“ Mississippi lime” will probably be reached within 2,200 feet, but
the well at this site should be drilled to a depth of 2,500 feet to
constitute a thorough test. If the test wells prove successful com-
mercial production of oil is to'be expected in the SE.  sec. 9 and

the E. } sec. 16.
ALBERT ANTICLINE.

The portion of the Albert anticline within this area is a long
anticlinal nose trending west and southwest from the crest of the
uplift in sec. 31, T. 27 N, R. 10 E., to sec. 10, T. 26 N, R. 9 E,,
where it is separated- from the Ben dome by a shallow syncline.
In the N. } sec. 1, a small dome, marked by one closed contour, occurs
on the axis of this nose (see Pl. XIII), which structurally is the
most favorable location for a test of the oil and gas possibilities of
the Albert anticline in this great area, but a site on the main crest
of the uplift in sec. 31, T. 27 N., R. 10 E., is the most favorable for
a test hole. The “ Misissippi lime” in the test hole indicated on Plate
XIII is believed to lie at a depth of 2,060 to 2,100 feet, but the test
well in the NW. 1 sec. 1 should be drilled at least 2,400 feet. If
this test proves successful, oil in commercial amounts may be ex-
pected in each direction, especially westward. The anticlinal nose,
which extends through sec. 2 and into sec. 10 structurally, also has
fair possibilities for the accumulation of oil, especially in the SW. }
sec. 2, where the gently dipping strata pitch westward into the steeply
dipping monocline.

ANONTOOPPE DOME.

The Anontooppe (a-non-to-op’pe) is a small flat-topped dome
having a closure of less than 20 feet and an inclosured circular ares
of about 100 acres. It is limited on the south by a broad, shallow
svnclme -and on the east by a faulted syncline. The fault trends
northwest and has a maximum downthrow of about 20 feet on the
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west. The dome has a good gathering area to the west, and so far
as its structure is concerned may be expected to yield considerable
oil, although it is probable that the crown will yield gas. The best
location for a test is shown on Plate XIII. The “ Mississippi lime ”
should be reached here at a depth of about 2,050 to 2,100 feet, but
the dome should not be condemned by an unsuccessful well less than
2,400 feet deep.

BUFPFALO ANTICLINE.

The Buffalo anticline is the most pronounced uplift in T. 26 N.,
R.9 E. It affects the attitude of the rocks over several square miles.
The axis of the anticline, on which there are three domes separated
by shallow structural saddles, is roughly crescent shaped and trends
southeastward through secs. 22, 23, 24, and 25. (See P1. XIII and
fig. 21.) The uplift is limited on the south and east by deep synclines
which are accentuated by faulting, but on the west a long monocline
extends for several miles. The normal attitude of the rocks affected
by the uplift in the SE. }, T. 26 N, R. 9 E., has been distorted at
several places by northwestward-trending faults. This complexly
faulted area is part of a larger northeastward-trending zone of weak-
ness across the Pawhuska quadrangle, in Osage County, in which the
rocks are displaced and shattered. Three faults cut the rocks in the
E. } sec. 22. The vertical displacement of each is less than 10 feet,
and therefore, unless they are accentuated in the vicinity of possible
oil-bearing sands, they have had little effect’ on the migration or
accumulation of oil. Two other faults, about 500 to 1,000 feet apart,
cut the rocks on the south side of this fold in secs. 26 and 36 and
greatly alter the trend and shape of the bordering syncline. The
maximum vertical displacement of these faults appears near the
northeast corner of sec. 35, where the west block of the west fault has
been dropped about 10 feet and the east block of the east fault has
been dropped about 80 feet. The maximum displacement of these
faults, if it continues to the possible oil-bearing sands, is thought to
be sufficient to retard the migration of oil and perhaps to offset oil or
gas sands completely, so that an accumulation of oil might result.
Three other faults in secs. 24, 25, and 36 limit or cut off the anti-
cline on the east and convert the normal east flank of the uplift into
a syncline. The west block of the west fault has a maximum down-
throw of 10 feet near the center of the SE. } sec. 25. The middle
fault is the largest and is of the scissors type. The hinge or point
of zero throw is in the SE. } sec. 25, near the axis of the syncline
that separates the Buffalo and Lookout anticlines. North of this
point the maximum displacement is in the SW. } sec. 24, where the
east block has been dropped 50 feet; south of the hinge point the
maximum displacement is in the SE. } sec. 25, where the west block
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has been dropped 10 feét. The east fault has its maximum throw
near the line between secs. 13 and 24, where the east block has been
dropped 25 feet. The throw. of each of the three faults above de-
scribed diminishes rapidly in either direction, and each fault passes
into a flexure within less than a mile from the point of maximum
displacement. If the displacement of the rocks due to the faults
continues to the oil sands, it is sufficient to retard migration up the
bordering syncline on the north, and would result in a small accumu-
lation of oil on the northeast flank of the highest dome of the Buffalo
anticline.

The center and highest dome of the Buffalo anticline, in the SE. }
‘sec. 23, has a closure of nearly 40 feet and an inclosed area of about
half a square mile. Its axis trends southwest, or transverse to that
of the main uplift, and pitches in either direction, terminating in
bordering synclines. The long monocline on the northwest and
southwest flanks affords ample gathering ground for a considerable
accumulation of petroleum. The crown of this dome has been drilled,
and several gas sands are reported—at 317 to 328 feet, yielding
5,000,000 cubic feet; at 420 feet, 2,000,000 cubic feet; and at 2,105
feet, 5,000,000 cubic feet. The deep producing sand is the upper part
- of the “ Mississippi lime ” of the drillers. As the crown of the dome
yields gas, it is very probable that the flanks will be oil bearing, but
just where the line between the oil and gas may be is difficult to
predict. Locations for test oil wells are shown on the map (Pl.
XIII). The more favorable of these two is that in the SW. } ‘sec. 23,
where the “ Mississippi lime” is believed to lie at about 2,075 feet,
but the well should be drilled to a depth of at least 2,400 feet to con-
stitute a thorough test. It seems probable that oil may be expected in
the NE..} and the W. } sec. 23 and in the NW. } sec. 26.

The dome at the northwest end of the axis of the Buffalo anticline
is considered favorable oil and gas territory. It has a closure of
nearly 20 feet and a pear-shaped inclosed area of about 40 acres.
Three faults have slightly displaced the surface rocks affected by
this dome, but they are too small, unless they are accentuated below
the surface to influence seriously the migration and accumulation of
oil. The long monocline extending westward from the dome gives
an excellent gathering ground. Tt seems very probable that the in-
closed area of this fold will yield gas, and therefore the test oil wells
should be on the west flank. Locations recommended for these wells
in the NE. 4 sec. 22 are shown on Plate XIII. The location nearest
the center of the section is preferable, being at the top of a zone of
steeply dipping beds and on a southwestward-plunging nose of the
anticline. The “ Mississippi lime ” at this point may be expected at
a depth of about 2,125 to 2,150 feet. Should this test prove success-
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ful, development should be extended toward the west, south, and east;
should it yield neither oil nor gas, the next test should be made on the
crown of the dome. o

The dome at the southeast end of the axis of the Buffalo anticline
is considered fair oil and gas territory. It is separated from the
highest dome of the Buffalo anticline on the north by a structural
saddle, and from the Lookout anticline on the southeast, in T. 26 N.,
R. 10 E., by a shallow syncline. Faults convert the east flank into
a syncline and are so situated that they may retard migration and
aid in the accumulation of petroleum at the crest. The gathering
ground for this dome is relatively small because the faults in secs.
26 and 36 may cut off migration, but oil may find its way around the
faults or even across them if the oil-bearing stratum is not entirely
offset. The location for a test well shown on the map is on the crest
near the north end, where the “ Mississippi lime * should be reached
at a depth of about 2,100 feet, but a thorough test requires drilling
to at least 2,400 feet. A study of the productive areas in some of the
best-developed and largest fields in Osage County leads to the con-
clusion that oil may be expected to extend from the Wahhusahhe
dome into the Buffalo anticline in secs. 22 and 23, possibly the
southwest corner of sec. 24, the E. 3} W. } sec. 25, and sec. 26 except
the SE. {.

WAHHKUSBAHHEE DOME.

The Wahhusahhe (wah-hu-sah’he) dome is a small uplift whose
crown is in the NW. } sec. 27 and the NE. } sec. 28, It has a closure
of about 10 feet, and its one closed contour incloses less than 40
acres. It has ample gathering ground to the west and north but is
narrowly limited on the south and east by a shallow syncline. A
well was drilled near the crown to a depth of 2,078 feet, and the log
reported “ Mississippi lime” at 2,060 feet. It is significant that no
oll or gas is reported from the shallow sands which are producing
gas in the Myers dome, in sec. 12, T. 26 N., R. 8 E., and in the Buffalo
anticline, in sec. 23, T. 26 N., R. 9 E. This well does not, however,
condemn the Wahhusahhe dome, because from the best information
available from well records the dry hole failed to reach the ‘ Missis-
sippi lime” by about 100 feet. The lime reported at 2,080 feet may
be either the Pink lime or another associated with it. The test well
at the site indicated on the map (Pl. XTII) should be drilled to a depth
of 2,400 to 2,500 feet before condemning the dome. If the test well
proves successful, oil will probably be obtained both west and north-
west of it, but the productive area will be small, because the rocks
are affected by the folding over only a small area.
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PETERS DOXE.

The name “ Peters dome ” is applied to a small part of a consider-
able terrace in sec. 35, which is indicated on Plate XIII by one closed
contour. A broad syncline borders the terrace on the east and the
southwest. Four wells on the crown are producing oil from the
“ Mississippi lime,” and two dry holes are reported on the east flank,
or near the bordering syncline, which appears to limit the productive
area in that direction. According to the structure, future develop-
ment should extend northward and probably southward to the section

line.
ANTICLINES IN T. 26 N., R. 10 E.

MIZER ANTICLINE.

The Mizer anticline is a low uplift, with a closure of less than 20
feet and a circular inclosed area of about 160 acres, in the SW. 1 sec. 7
and the NW. } sec. 18, T. 26 N., R. 10 E. A long, flat anticlinal nose
extends westward to the west hne of sec. 13, T. 26 N,, R. 9 E., where
it pitches westward into a monocline. A deep eastward trendlng
syncline separates this anticline from the Buffalo and Strikeaxe anti-
clines, to the south, and a shallow, narrow syncline separates the
Anontooppe dome and Mizer anticline. Two locations are suggested
for test holes on this anticline. (See Pls. XIII and XIV.) The
“ Mississippi lime ” should ‘be reached in the NW. } sec. 13, T. 26 N,
R 9 E,, at a depth of about 2,050 to 2,100 feet, and in the NW. }
sec. 18, T. 26 N., R. 10 E., at about 2,000 feet, but if necessary these

tests should be drllled to 2, 300 or 2,400 feet.

LOOKOUT ANTIOLINE.
L4

. The axig of the Lookout anticline trends north in sec. 31 along the
township line between Rs. 9 and 10 E. It has a closure in this area
of about 20 feet and an inclosed area of about 200 acres. A prominent
anticlinal nose trends southwestward across the center of sec. 1 and
into sec. 2, T. 256 N., R. 9 E., where a small dome is developed at the
end of the nose. This part of the anticlinein T. 25 N.,, R. 9 E,, is
described by Heald.! The Lookout uplift is bordered on the east
and west by well-developed synclines, and on the north and northeast
it is separated from the Buffalo,and Strikeaxe anticlines by shallow
synclines or structural saddles. There is fair gathering ground to
the west and southwest and no surface evidence to prevent or retard
the migration of petroleum into the crest of this fold. A small north-
westward-trending fault with a maximum. throw of less than 10 feet
cuts the surface rocks on the crest of this anticline in sec. 1, T, 25 N,

1 Heald, K. C., report on T. 25 N,, R. 8 E.: U, 8, Geol, Survey Bull. 686-E, 1918,



T, 286 N., BS. 9, 10, AND 11 E. 106

R. 9 E., but it can have little or no effect on the accumulation of
petroleum. This anticline is now being tested. There are two pro-
ducing wells, one yielding gas and one oil, and two other wells being
drilled (August 15,1918). (See Pls. XIII and XIV.) The detailed
logs are not yet available, so the source of the output is not known.
The producing wells are nearly on the crest of the anticline, and
therefore development should extend between them and westward.
The oil well is at the north end, near the point where the axis plunges
into the syncline. Structurally the E.  sec. 36, T. 26 N, R. 10 E,, is
favorable for oil production.

STRIKEAXE ANTICLINE.

The Strikeaxe anticline has a crescent-shaped northwestward-
trending axis in secs. 29 and 80, T. 26 N., R. 10 E. It has a closure
of about 25 feet and an inclosed area of about three-quarters of a
square mile. It is limited on the north, east, and south by well-
developed synclines. The one on the south is a broad, flat, shallow
depression; those on the north and east are deeper and narrower.
The Strikeaxe and Lookout anticlines are separated by a narrow
structural saddle, and it is not unlikely that the productive area may
extend across the saddle from one anticline to the other. The pres-
ence of oil and gas in the Lookout anticline places the Strikeaxe
anticline almost adjacent to an area that is now producing. This
anticline has a considerable gathering area, especially to the north-
west, which renders the north and west flanks much more favorable
for o1l production than the east and south flanks. The broad, flat syn-
cline on the south is not particularly favorable for the migration of
petroleum, and the south flank of the Strikeaxe anticline is too short
to afford a large accumulation. The results of a dry hole on the south
flank in the NW. } sec. 32 enhance the value of the fold rather than
condemn it, for although this well is structurally unfavorably located
showings of gas were reported at depths of 870, 950, and 1,090 feet,
all above the Big lime, and at 2,100 feet, in the top of the “ Missis-
sippi lime.” This suggests that the east end of the crest of the fold
may yield gas or oil, and structurally the north end is much more
favorable. Locations for test holes are shown on Plate XIII. The
one on the crown may yield gas, but that on the north end of the
anticline should yield oil. The.“ Mississippi lime ” should be reached
in the test on the crown at about 2,125 to 2,150 feet and in the one at
the north end at about 2,050 to 2,100 feet.

Two locations for test holes in sec. 16, T. 26 N., R. 10 E., are indi-
cated on Plate XIV. The structure here is less favorable for the
accumulation of oil than it is on pronounced closed uplifts, but,
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nevertheless, tests for oil and gas are warranted. These locations
are on rather prominent anticlinal noses, which plunge westward
into a steeply dipping monocline that terminates in a pronounced
depression in secs. 18 and 19, T. 26 N., R. 10 E. The monocline
affords good gathering ground, and the zone of steeply dipping rocks
followed by the flat anticlinal noses affords favorable conditions for
the accumulation of oil. The “ Mississippi lime ” in these test holes
should be reached at about 2,000 feet. Should either or both tests
prove successful, further development should first extend westward.

DRY HOLLOW DOME.

The Dry Hollow dome is a prominent uplift in Tps. 26 and 27 N.,
R. 10 E. The rocks affected by the folding lie in secs. 2 and 3, T.
26 N., and secs. 34 and 35, T. 27 N. The long axis of the dome trends
east just south of the township line. It has a closure of about 25
feet and an elliptical inclosed area of nearly half a square mile. The
fold is limited on the southeast by a southward-pitching syncline
which on the north merges into a broad, flat depression. On the
southwest, west, and northwest a long westward-dipping monocline
extends for several miles from the crown of the dome and affords
ample gathering area for a considerable accumulation of oil and gas.
The crown of the dome yields oil from the Bartlesville sand and gas
from the “ Mississippi lime.” Many of the oil wells make some gas,
but the Bartlesville sand is not a heavy gas producer here. The
“ Mississippi lime ” has been penetrated only near the crown of the
dome, where it is gas bearing, and it will very probably yield oil on
the west flank. Future development should be extended south and
west from present producing wells in this area. The dry holes near
the syncline limit the probable productive area on the southeast, but
the dry holes adjacent to produging wells on the southwest flank may
not indicate the limit of production in that direction, because an oil .
well in the SW. } sec. 2 is' not as favorably situated on the dome as
the dry holes north of it. The dry holes are probably due to “ tight
sands ” or other local conditions. The largest producing wells (50
to 60 barrels) on the dome in T. 26 N. are in the NE. } sec. 3, and
producing wells extend down the west flank as low as the 750-foot
contour. The future possibilities of this dome appear bright, and
before it is abandoned the “ Mississippi lime” should be thoroughly
tested—first by a number of holes drilled well down on the west
flank (probably in the NE. } sec. 3) to determine the oil possibilities
of the beds which are producing gas on the crown; and, second, by
one or more tests favorably located on the dome and penetrating the
“Mississippi lime ” to a depth of 300 or 400 feet.
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SAND CREEK ANTIOLINE.

The crest of the Sand Creek anticline is in sec. 31, T. 27 N., R. 11
E., but a long anticlinal nose trends southwestward through secs. 1
and 12 and into sec. 11, T. 26 N., R. 10 E., where it pitches westward
into a long monocline. The closure of the crest is about 25 feet,
and the inclosed area covers about 1 square mile. The rocks affected
by this folding cover about 6 square miles and are situated in the
adjoining corners of four townships, Tps. 26 and 27 N., Rs. 10 and
11 E. The uplift is limited on the south and east by a major well-
developed northeastward-trending syncline, which is broad and shal-
low through sec. 6, T. 26 N., R. 11 E,, and it is separated from the Dry
Hollow dome, on the west, by a southward-pitching syncline. A
number of wells have been drilled on various parts of this anticline.
On the west flank of the main crest in sec. 31, T. 27 N,, R. 11 E,, and
sec. 36, T. 27 N., R. 10 E., several oil wells and at least one gas well
have shown good yields from the Bartlesville sand. That part of the
anticline lying in the area covered by this report, however, has not
been properly tested. In this township a well in the NW. } sec. 1
is now abandoned though still making some gas, and a dry hole is
reported near the east quarter corner of the same section, but this re-
port was not verified in the field. The latter hole is not especially
well located structurally, but no record is available, and therefore it
may not constitute a thorough test even of this part of the fold. This
anticlinal nose should yield considerable oil aleng its west flank,
especially in the NE. } sec. 11, where a small dome is developed at
the end of the nose. The long monocline on the west affords a good
gathering area for a considerable accumulation of petroleum. At
the location for a test hole indicated on Plate II, the “ Mississippi
lime ” will probably be reached at about 1,900 feet. If this test proves,
successful, all sec. 11 but the S. } S. § may be expected to produce oiL

REVARD ANTICLINE.

The Revard anticline is a long anticlinal nose with northwestward-
trending axis and in a broad way is a part of the Lost Creek anti-
cline in the southwest corner of T. 26 N., R. 11 E. It has a small
dome at the north end, indicated on Plate XIV by one closed con-
tour, which incloses about 40 acres. It is limited on the north and
east by a major syncline with pronounced depressions in sec. 12, T.
26 N., R. 10 E,, and sec. 19, T. 26 N., R. 11 E. A long, nearly uni-
form monocline extends west and southwest for several miles from
the crest of this nose and affords excellent gathering area for a con-
siderable accumulation of petroleum. It is very probable that the
crest of the anticline will yield gas, but the west flank should yield

1
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considerable oil. A well on the west flank near the 840-foot contour
(see P1. XIV), in the NW. } sec. 24, is yielding gas from the “ Mis-
sissippi lime,” and this indicates that a well in the SW. .} sec. 13, T.
26 N., R. 10 E., will probably yield gas. The location for a test hole
shown on Plate XIV is a little higher on the fold than the gas well
in sec. 24, and from structural considerations, therefore, a well here
may yield gas, but it is also a favorable location to test the westward-
plunging nose of the anticline. If it yields only gas, a second well
should be drilled 1,000 feet due west. The “Mississippi lime” at the test
site indicated on the map is believed to lie at a depth of about 1,850
feet and 1,000 feet to the west at about 1,775 to 1,800 feet. Accord-
ing to the structure, the most favorable part of this anticline for the
accumulation of oil lies is the E. § sec. 14, the NE. } sec. 23, and the
NW. 1 sec. 24. .

ANTICLINES INT. 26 N, R. 11 E.
LOST CREEK ANTIOLINE.

The Lost Creek anticline has a northward-trending axis extending
from secs. b and 6, T. 25 N., R. 11 E,, into sec. 81, T. 26 N,, R. 11 E.
A long anticlinal nose extends northwestward through secs. 30 and
19, T. 26 N., R. 11 E., and joins the Revard anticline in secs. 13 and
24, T. 26 N., R. 10 E. Two domes rise on the crest of this uplift;
the south one, in sec. 32, T. 26 N., R. 11 E., has a closure of nearly
10 feet and its one closed contour incloses about 80 acres; the north
one, in sec. 31, has a closure of nearly 20 feet and an inclosed area
of about 60 acres. The uplift is limited on the north and east by
deep synclines. A long uniform monocline extends westward for
about 5 miles from the crest of the anticline and affords a large
@athering area with no structural features to prevent migration of
oil and gas up the dip to the east. This anticline includes a large
area which is structurally very favorable for oil production. No
adequate test has been made of it, for the only well yet drilled,
though it reached the *“ Mississippi lime ” and obtained a showmg of
oil, was not very favorably located structurally. This well is near
the east quarter corner of sec. 36, T. 26 N., R. 10 E., on the west
flank of the Lost Creek anticline, at the upper end of a small terrace.
Wells in similar structural situations have proved productive in some
parts of Osage County, but this is not an established rule, for in
other places the lower part of the terrace in the zone of the steeply
dipping beds is the productive area. This well, therefore, does not
condemn the oil possibilities of this fold, and in any event one dry
hole should never be considered as completely condemning an area
of favorable structure. Several locations for test holes are suggested
on Plate XV. The one in the SE. } sec. 31, T. 26 N,, R. 11 E,, is

!
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intended to test the oil and gas possibilities of the south dome of the
anticline. The crest of this dome will probably contain gas, but the
west flank is very favorable oil territory. The “ Mississippi lime >
should be reached in this test hole at about 1,825 to 1,850 feet. If
this well should produce gas, the next well should be drilled 1,000
feet to the west. The test hole in the NW. } sec. 31, T. 26 N., R. 11
E., should reach the “ Mississippi lime ” at about 1,800 to 1,825 feet.
and. to judge from the structure, should yield a good supply of oil.
The crown of the dome in the NE. } sec. 31 is almost sure to yield
gas if open sands are continuous, but it should be tested. The test
hole in the NE. } sec. 30 should reach the “ Mississippi lime?” at
about 1,700 to 1,750 feet. Should these test holes prove successful
oil wells, further development should be extended in every direc-
tion to determine the limits of the pool, especially to the west, where
the most favorable territory lies. If these holes produce gas, other
tests for oil should be made down the dip to the west.

S8YCAMORE DOME,

The Sycamore dome is a small uplift on a structural terrace. It
has a closure of nearly 30 feet and an inclosed area of one-third of a
square mile in the SW. } sec. 7,T.26 N, R. 11 E. 1t is limited on the
northwest and south by a well-developed syncline and is separated
from the large Buck Creek anticline on the east by a narrow, shallow
depression. Although the closure of this dome is sufficient to afford
a good catchment area the gathering ground is limited to the syn-
clinal area on the west, and the production, if any, will probably be
less than in domes with large gathering areas. This dome is un-
tested, and two locations for test holes are suggested on Plates XIV
and XV. At these places the “ Mississippi lime ” should be reached
at about 1,900 to 1,925 feet. The crown may yield gas, and if so oil
will probably be encountered down the west flank.

The axis of the Sand Creek anticline, which is described on page
107, under the discussion of anticlines in T. 26 N., R. 10 E., traverses
the northwest corner of sec. 6, T. 26 N., R. 11 E. A location for a test
hole 1n this section is indicated on Plate XV. If this test proves
successful further development should extend westward, but the pro-
ductive area will probably be small, because the southeast flank of
this anticline in-this township is structurally unfavorable for oil
accumulation.

BUCK OREEK ANTICLINE.
The Buck Creek anticline is a large upfold with an eastward-

trending axis extending through secs. 8, 9, and 10, T. 26 N, R. 11 E.
It consists of three minor anticlines separated by low structural sad-
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dles. The rocks affected by the major uplift cover about 7 or 8 square
miles. The anticline is practically surrounded by well-developed
synclines.

The normal attitude of the rocks in sec. 17 is affected by two north-
northwestward-trending faults. The east block of the west fault has
been dropped a maximum of less than 10 feet, and the west block of
the east fault has been dropped a maximum of about 80 feet. The
center of the line on the map (Pl. XV) representing the trace of each
fault indicates approximately the point of the maximum throw. The
throw diminishes in each direction and dies out within half a mile
of the point of maximum displacement.

The west anticline of the Buck Creek unlift, in sees. 5, 8, and 17,
has a northeastward-trending axis about 2 or 8 miles long which
runs transverse to the axis of the main fold. It has a closure of
nearly’20 feet and an inclosed area of about 40 acres. It is separated
from the middle anticline by synclinal reentrants which terminate
in a low structural saddle between secs. 8 and 9. The steeply dipping
southwest, west, and northwest flanks afford good gathering area for
the accumulation of considerable petroleum. The anticline has been
tested by gas-producing wells on the crest and oil wells on the
northward and southward pitching anticlinal noses as well as near
the upper portion of the synclinal reentrant on the southeast flank
of the anticline. The oil wells are all small producers, and several
dry holes are reported alongside of oil wells, a relation which indi-
cates variable sand conditions. Structurally the west flank of this
anticline is very promising oil territory, for the long monocline
extending westward furnishes a good gathering area and the crest
of the fold and its steeply dipping west flank afford favorable con-
ditions for oil accumulation. Locations for further testing the
oil possibilities of the anticline are shown on the map (Pl. XV).
The oil on the south and east flanks of this anticline probably comes
from the Bartlesville sand, and that on the northward-pitching nose
comes from about the position of the Peru sand between the Big
lime and the “ Oswego lime.” Some of the dry holes in secs. 4 and 9
were drilled to the “ Mississippi lime,” but the locations are not
structurally favorable and therefore do not condemn the favorable
portions of the anticline. The logs of the gas wells on the crest of
the anticline are not available, and the source of the.gas is not known.
In the test holes suggested the “ Mississippi lime ” should be reached
at 1,775 to 1,825 feet. If these tests prove successful they would
indicate that much good oil territory may be found north, west, and
south of them.

The middle anticline of the Buck Creek uplift in secs. 9 and 16
has a southeastward-trending axis 1} miles Jong which runs trans-
verse to the axis of the main uplift. It has a closure of nearly 20
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feet and an inclosed area of about one-third of a square mile. It is
separated from the east and west anticlines of the Buck Creek up-
lift by synclinal reentrants which terminate in low structural saddles.
An anticlinal nose trends southeastward toward the Whisky Hollow
anticline and is separated from it by a low structural saddle. The
effective gathering area for this anticline is limited to the long,
bread synclinal reentrant on the southwest and to the smaller syn-
clinal reentrant on the north. Structurally the southwestern portion
of the anticline is more favorable for oil accumulation than the
remainder of it, because this portion has a larger gathering area to
supply the oil and better conditions for its accumulation. The faults
sbove described may, however, retard the migration of oil and cause
some accumulation on their west sides. An abandoned well on the
crown of the fold west of the south quarter corner of sec. 9 is now
making some gas. Several wells in the NW. } sec. 16 are producing
oil from the Bartlesville sand, and future development should ex-
tend toward the southeast from these wells. The north flank of this
anticline is not unfavorable for the accumulation of oil and may
show & good yield. A well is now being drilled near the west quar-
ter corner of sec. 9, and if it proves successful oil may be expected in
any direction except due east toward the bottom of the shallow syn-
cline. If the well is a failure after penetrating the “ Mississippi
lime” 300 to 400 feet, another test hole should be drilled about the
center of the SW. } sec. 9, where the “ Mississippi lime” may be
expected at about 1,825 to 1,850 feet.

The east anticline in secs. 9 and 10 forms the east end of the main
Buck Creek uplift, and their axes coincide. It has a closure of
nearly 10 feet and its one closed contour incloses an area of about a
quatter of a square mile. It is limited on the north and south by
well-developed synclines and is separated from the rest of the Buck
Creek uplift on the west and from the Buck Point anticline on the
wast by low structural saddles. Dry holes have been drilled on the
south and north of this anticline, but they are in synclines or other
unfavorable localities and therefore are not an index to the oil or
gas possibilities of this anticline. An abandoned well an the crown
of the upfold near the west quarter corner of sec. 10 is making some
gus, but the source of the gas is not known. This well, however,
mdicates that the crest will yield gas and that the flanks may yield
vil. A favorable locality for the accumulation of oil is the anticlinal
nose extending northeastward into sec. 8, although a dry hole is
reported at the northwest corner of sec. 10, a locality which struc-
turally is not unfavorable. The log of this well is not available,
but it does not necessarily condemn this part of the anticline. At
the location for a test hole indicated on the map (Pl XV) the
“Mississippi lime” should be reached at about 1,700 to 1,725 feet.
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If this well proves a success, oil may be expeeted to the north, west,
and southwest.

Structurally the Buck Creek uplift as a whole has great oil and
gas possibilities, but some of the wells already drilled are not par-
ticularly encouraging and indicate variable sand conditions as well
as small production. The producing wells further indicate that
there are at least three horizons at which oil or gas, or both, may be
obtained—the Peru sand, the Bartlesville sand, and the top of ‘the
“ Mississippi lime.” This “ lime,” however, has not been thoroughly
tested, and there may be porous beds below horizons penetrated by
the drill that will yield considerable oil.

DOE OREEK DOME.

The Doe Creek dome is a sharp, roughly circular uplift with a
small crown in the N, § sec. 3, T. 26 N., R. 11 E. An anticlinal nose
trends northwestward from the crown into. secs. 33 and 34, T. 27 N,
R. 11 E. The dome has a closure of nearly 60’ feet and an inclosed
area of three-quarters of a square mile. The rocks affected by the
uplift cover about 3 square miles. It is limited on the north and
south by major well-developed synclines, which: merge into a sharp
structural saddle on the east side of the dome. That part of the
dome situated in T. 26 N.. R. 11 E., has not been tested, but the
anticlinal nose extending into secs. 33 and 34, T. 27 N, R. 11 E,, is
showing a good oil production and is reported to have two gas wells,
one of which is said to be abandoned. The logs of the gas wells are
not available and the source of the gas is not known. Some of these
oil wells are reported to have had an initial daily production of as
much as 75 barrels, probably from the Bartlesville sand. The crown
of the dome is likely to be gas bearing, but from structural considera-
tions the west, north, and south flanks should yield good quantities
of oil. The map (Pl. XV) shows a location for a test of this dome
in sec. 3, T. 26 N., R. 11 E., where the “ Mississippi lyne” is believed
to lie at a depth of about 1,750 to 1,800 feet and to be favorable for
the production of oil and gas. If this test hole yields oil, further
development should extend in all directions, but the most favorable
territory lies to the south and west.

BUCK POINT ANTICLINE.

The Buck Point anticline, an irregular-shaped upfold in secs. 11
and 14, T. 26 N., R. 11 E,, is a small part of the major uplift that
trends southwest and embraces the Whisky Hollow anticline, the
Okesa dome, and the Jones anticline. (See Pl. XV.) The Buck
Point anticline has a closure of abput 25 feet and an inclosed area
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of about three-quarters of a square mile. It is limited on the north
and west by well-developed synclines. A prominent northward-
pitching anticlinal nose extends for 1} miles from the crown and
terminates in a syncline which separates the Buck Point uplift from
the Doe Creek dome and a long southwestward-pitching anticlinal
nose from sec. 36, T. 27 N, R. 11 E. Low structural saddles separate
the Buck Point anticline from the Whisky Hollow anticline and
from the monocline on the northwest flank of the Panther Creek
anticline. Structurally this anticline has excellent oil and gas possi-
bilities. The north and west flanks of the anticline, between the
bottom of the bordering syncline and the crest of the upfold, afford
good gathering area, and the closure is sufficient to assure favorable
conditions for accumulation. This anticline has been drilled and is
yielding both gas and oil. The gas wells are on or near the crest and
the oil wells are on the west flank. The gas is reported from the
Burgess sand directly overlying the ¢ Mississippi lime,” and the oil
comes from the Bartlesville sand and from the Burgess sand. Show-
ings of oil are reported from the Peru, but there are no producing
wells that obtain oil from this sand. Future development should
extend the present productive area. The most favorable localities
for oil wells are on the northward-pitching anticlinal nose in the
'W. $ sec. 11, the westward-plunging nose in secs. 14 and 15, and the
north flank of the anticline. A location for a test hole is suggested
(see PL XV) in the SE. } NW. 1 sec. 11, where the “ Mississippi
lime ” may be expected at about 1,750 to 1,775 feet. If this proves to be
a successful oil well, further development should extend in all direc-
tions, but the most favorable territory is probably to the north and

west.
WHISKY HOLLOW ANTICLINE.

The Whisky Hollow anticline is an irregular-shaped uplift which
forms a Small part of a larger uplift embracing the Buck Point anti-
cline on the north and the Okesa dome and Jones anticline on the
south. The axis trends northeast through secs. 21, 22, and 23, T. 26
N., B. 11 E. I¢ has a closure of about 15 feet and an inclosed area
of nearly half a square mile. It is limited on the south and east
by a shallow syncline and on the northwest by a deep syncline which
separates it from the Buck Creek uplift. The west flank is a long
monocline which extends about 3 miles from the crest of the anti-
cline and affords an excellent gathering area for the accumulation of
oil. The west and northwest flanks are therefore the most favorable
portions of the anticline for oil wells. The anticline has been drilled
and is producing some oil and gas. Gas wells near the 980-foot con-
tour indicate that the west flank of the anticline may be gas-bearing
between that contour and the crest. Down the dip from the gas wells

on the same flank several oil wells have been drilled, and a few
80703°—22—9
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of them are still producing. The gas wells and most of the oil
wells receive their supply from the top of the “ Mississippi lime ” or
near it, and the rest of the oil wells are producing from the Bartles-
ville sand. A dry hole was drilled, probably to the “ Mississippi
lime,” on the south flank of the anticline in the SW. } sec. 22. This
test is in a structurally unfavorable position, because the south flank
of the anticline has little or no gathering ground and oil or gas mi-
grating up the west flank would be trapped in the crest of the Whisky
Hollow anticline and the crown of the Okesa dome. Another dry
hole in which a show of oil was reported was drilled to the “ Missis-
sippi lime” on the northwest flank of the anticline, in the SW. } sec.
15. It is well down on the northwest flank of the anticline and is
unfavorably located for the accumulation of oil. A location for a
test hole is suggested on the map (Pl XV). It is near the center of
sec. 21, at the end of the anticlinal nose at the top of the steeply
dipping monocline, where the “ Mississippi lime” may be expected
at a depth of about 1,650 to 1,675 feet. This hole may yield gas, but
structurally it is favorable for the production of oil. If it proves a
successful oil well, further development should extend toward the
west and northwest.
OKESA DOME.

The Okesa dome, a small triangular uplift in sec. 28, T. 26 N., R.
11 E., is a part of the larger uplift that embraces the Buck Point,
Whisky Hollow, and Jones anticlines. It has a closure of nearly 40
feet and an inclosed area of nearly one-third of a square mile. A
prominent anticlinal nose pitches westward from the crown of the
dome through sec. 29 and joins an anticlinal nose of the Lost Creek
anticline. A broad, flat syncline borders the Okesa dome on the east,
and a deep, rather brbad syncline separates the dome from the Lost
Creek anticline on the southwest. The rocks affected by this upfold
cover about 2 square miles. A monocline extends for several miles
to the west and northwest from the crown of the dome and forms an
excellent gathering ground for oil. The closure, together with: the
anticlinal nose and the steeply dipping west flank, affords ample res-
ervoir space for a considerable quantity of petroleumi. The crown of
the dome is nearly certain to yield considerable gas, but the anticlinal
nose and the west and northwest flanks are structurally very favor-
able oil territory. No wells have yet been drilled in the inclosed area,
but several oil and gas wells have been drilled on the northwest flank
as low as the 930-foot contour. (See Pl. XV.) Some of the oil wells
fiad an initial daily production as high as 20 to 30 barrels, probably
from the Bartlesville sand, but no information is available regarding
the source of the gas or its yield. The location for a test hole sug-
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gested on Plate XV is in the NW. } sec. 28, where the “ Mississippi
lime ” may be expected at a depth of about 1,675 to 1,700 feet. It is
on the west point of the triangular dome and just below the 1,000-foot
contour, or about 20 feet vertically below the crown. If this test
¥ields gas the next well should be drilled 1,000 feet to the west. Ac-
cording to the structure oil may be expected on this dome in the N. }
and the N. 3 S. } sec. 29, the SE. } sec. 20, and the SW. } sec. 21, but
the NW. } sec. 28, on and near the crown cf the dome, is for the most
Ppart gas territory.
JONES ANTIOLINE.

The Jones anticline is a small upfold which forms a part of a
larger uplift that trends northeast and embraces the Okesa dome and
the Whisky Hollow and Buck Point anticlines. These different crests
or crowns of the major uplift are separated by narrow structural
saddles. The Jones anticline has a closure of about 15 feet and an
inclosed area of about one-third of a square mile. It is limited on
the west by a deep syncline and on the south, east, and north by a
broad, shallow syncline. The effective gathering area is limited to
the west flank between the crest of the upfold and the bottom of the
svncline. This anticline has been drilled and has a number of pro-
ducing wells. Several wells are producing gas on the crest of the
anticline, but the source of the gasis not known. The oil wells on the
west flank obtain their oil from the Bartlesville sand. Some of these
had an initial daily production of as much as 40 barrels and are now
wvielding from 3 to 5 barrels. Several dry holes adjacent to the oil
wells are reported and indicate variable sand conditions. Structur-
ally most of the W. 4 sec. 33 is favorable oil territory except along the
west and south lines of the section. Further development for oil
should be extended south and east from the present producing wells.
Several dry holes on the east flank of the anticline substantiate the
rule that in general little or no production may be expected from the
east flanks of anticlines in this area. The crest will probably yield
gas from any petroleum-bearing bed, but structurally the west flank
is favorable for obtaining oil from the Bartlesville sand and probably
from the “ Mississippi lime,” which on the crest may be expected at
a depth of about 1,900 feet.

PHILLIP8 ANTICLINE.

The Phillips anticline is an.elongated uplift with northward-trend-
ing axis mainly in the northeast corner of T. 25 N,, R. 11 E,, and is
described by Hopkins.! Two domes occur along the anticlinal axis.

1 Hopkins, O. B, report on T. 25 N., Rs. 11 and 12 E.: U. 8. Geol. S8urvey Bull. 686-H,
1918.
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The north dome extends into T. 26 N., R. 11 E., where anticlinal
noses pitch north and west into secs. 35 and 86. The crown of the
north dome in sec. 1, T. 25 N,, R. 11 E,, has a closure of about 20
feet and the lowest closed contour (1,150-foot) incloses about a
quarter of a square mile, 15 acres of which is in sec. 36, T. 26 N., R.
11 E. A’ well-developed syncline borders it on the east, and it is
separated from the Panther Creek anticline on the northeast by a
narrow, shallow syncline which plunges westward through secs. 36,
85, and 26. A steeply dipping monocline extends westward from the
crest of the anticline for about 2 miles, ending in a broad, shallow
syncline, and affords an excellent gathering area for the accumula-
tion of oil. Several holes have been drilled on this anticline, and
some of them are reported to have been failures. Three dry holes are
reported on the north flank. These are favorably located struc-
turally, but the records are not available and therefore they may not
constitute real tests. Another hole near the southeast corner of sec.
86, T. 26 N, R. 11 E,, was drilled to the Bartlesville sand. Con-
flicting reports are given for the results of this well; some say it is a
gas well with a show of oil and some an oil well with a show of gas.
It is on the northeast flank of the anticline and near the bordering
syncline and is therefore not so favorably located as the dry holes
above mentioned. Several wells are producing gas from the crown
of the north dome of the Phillips anticline, in the N. } sec. 1, T. 25
N., R. 11 E,, but the logs are not available and therefore the source
of the gas is not known. A location for a test hole for oil is sug-
gested on the west flank (see Pl. XV), between the 1,120 and 1,130
foot contours, where the “ Mississippi lime” may be expected at a
depth of about 1,775 feet or more. If this well yields oil, further
development should extend west and north as well as east.

PANTHER OREEK ANTIOLINE.

The Panther Creek anticline is an elongated upfold with north-
ward-trending axis which roughly parallels the township line be-
tween Rs. 11 and 12 E. (See fig. 21.) The crest lies east of the town-
ship line and has four small domes. Each of the southern two domes
has a closure of about 15 feet and an inclosed area of about 40 acres,
and each of the northerntwo has a closure of less than 10 feet and an
inclosed area of about 50 acres. These domes are separated from
one another by shallow structural saddles across which the productive
area will probably be continuous. The major anticline exclusive of
the southernmost dome has a closure of about 30 feet and an inclosed
area of about 1} square miles. The Panther Creek anticline is sep-
arated from the Phillips anticline on the south by a narrow struc-
tural saddle. The axis of an anticlinal nose pitches northeastward
from the crest of the uplift into the alluvial valley of Sand Creek,
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in sec. 7, T. 26 N, R. 12 E. A monocline extends 1} to 2 miles west
from the crest and affords an excellent gathering ground for the
accumulation of oil. This uplift has been tested by drilling and is now
vielding good quantities of oil and gas. The crowns of two northern
domes of the anticline and their west flanks down as far as the
1,100-foot contour (see map, Pl. XV) are almost completely drilled.
The oil produced comes from the Bartlesville sand, and some of the
wells had an initial daily production as high as 300 barrels. The
southern domes are not so largely drilled, but several wells on them
are producing oil and gas. Here the o0il comes from the Bartlesville
sand and the gas from the top of the “ Mississippi lime.” The west
flank of the main uplift is yielding gas from the “Mississippi lime ”
in secs. 13, 24, and 25 between the 1,110-foot and 1,050-foot contours.
This indicates one of a number of conditions: (1) That the * Missis-
sippi lime” on the crest of this anticline will probably yield high-
pressure gas; (2) that the structure of the “ Mississippi lime ” in this
vicinity does not conform to the surface structure, which is not likely
because the oil wells indicate that the structure of the Bartlesville
sand conforms with the surface structure; (3) that the gas-bearing
stratum varies in porosity, being closely cemented high on the anti-
cline and thus trapping the gas well down on the west flank; or (4)
that the gas may have been trapped by a terrace in the unexposed
rocks which is not shown by the surface rocks. The evidence seems
to indicate that the *“ Mississippi lime” on the crest of the Panther
Creek anticline and its west flank between the crest and the present
gas wells will yield considerable gas. The “ Mississippi lime ” should
be reached on the crest of the anticline at depths of about 1,725 to
1,175 feet.

AREAS OF UNFAVORABLE STRUCTURE.

Experience in drilling and developing oil lands in Osage Couniy
has shown that oil and gas production is confined to the major up-
lifts and that the major synclines or depressions yield no oil or gas.
Several localities are known, however, where oil is obtained in an
area of synclinal structure, but such a depression is usually an in-
tegral part of a major uplift. The list below is intended to point
out the localities in this area which on the basis of the surface struc-
ture alone appears to have little or no chance of yielding oil. The
greater part of these localities will probably be barren, though ex-
ceptions due to variations in sand conditions, lack of parallelism in
the strata, or some other cause may be found. The lands in the area
covered by this report which are unfavorable for the accumulation
of oil because they are situated in or near the bottoms of major,
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well-developed synclines are as follows (see Pls. XIII-XV and
fig. 22):

T.26 N, R.9 E.: T.26 N, R. 11 E.:
Sec. 6, N. § and SE. §. Sec. 1, SW. {.
Sec. 12, NE. §. Sec. 2, SE. $ and NW. .
Sec. 24, E. §. Sec. 8, SE. }.
Sec. 35, E. §. Sec. 4, N. §.
T.26 N, R. 10 E.: Sec. 5, NW. i.
Sec. 6, SW. }. Sec. 6, S. 4.
Sec. 12, NE. } and SW. }. Sec. 15, NW. }.
Sec. 18, S. ¢ S. §. Sec. 16, E. # NE. }.
Sec. 19, NW. . Sec. 19, N. §.
Sec. 20, W. §. Sec. 23, SW. } and NE. 1.
Sec. 29, N. &. Sec. 27, SE. .
Sec. 31 E. 4. Sec. 32, N. 2 and SE. }.
Sec. 32, S. § and S. § N. §. Sec. 34, W. 3 and NE. }.
R.9E R.WE. R.IE.

L4 4 | : | xn’//s s | a3 ]« ,/. Jn o % !

7] s }/‘_[\,.. -?', a8 | 8| w|n g ’ s /( o " )nz

~ ’

N
- % 7 | e 8y] w\] 19 e | v w |58 [ 1e | ) B 7 ’lu w | wl/a

T.28N.
—f-
) /
\
\
N9Z'L

w T ] 2z 19 20 | n 22 | 23 | 0 | v 2 e
.’zﬂ\ y X -
N
0 |20 | T2 | 20N Y| % 728 | 27 | 26 | 28| 30 | o | oo 2
iy 1
=% L puy
3 +k‘ »{ 33 |3 |35 [20]| & % n | MY = )

F1oURE 22.—8ketch showing roughly the poseition of synclinal axes in T. 26 N, Rs. 9, 10
and 11 B, shaded to Indicate areas within closed contours.




T. 20 N, R. 11 E.
By E. Russerr Lroyp and KirtLey F. MaTHER.

INTRODUCTION.

T. 20 N., R. 11 E,, lies in the southeastern part of the Osage Reser-
vation, in the Hominy quadrangle. (See fig. 1.) There is no town
or railroad in the area, but Sand Springs, on the Missouri, Kansas &
Texas Railway, is only a mile from the south border, and the south-
east corner of the township is 4 miles from Tulsa. The township is
mostly rugged and has a maximum relief of about 400 feet. Roads
are poor, and only a small part of the township is cultivated.

The field work in this township was done in July and August,
1918, by the writers, assisted by C. R. Bickel and M. G. Gulley, in-
strument men. The area mapped by each geologist is shown by the
diagram inserted on Plate XVIII. The whole area was mapped with
plane table and telescope alidade.

STRATIGRAPHY.

ROCKS EXPOSED.

GENERAL CHARACTER.

The rocks exposed in T. 20 N., R. 11 E,, are of middle Pennsyl-
vanian age and comprise from 650 to 750 feet of sandstone, shale,
and limestone. The character and succession of the beds of the upper
350 feet of the series are shown graphically in figure 23. Shale con-
stitutes by far the larger part of the exposed rocks, although the
sandstone beds are most prominent. The three beds of limestone
form only a minor part of the section.

KEY BEDS.

For the convenience of those wishing to do geologic work in the
township, a few of the most important or key beds will be described
in detail.

Avant limestone—The Avant limestone is the more conspicuous
and the higher of the two limestones present in the western part of
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R. 11, E.
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T.20 N, R. 11 E. 1t is extremely variable in thickness and in com-
position, but generally appears as a hard ledge forming a low cliff
and bench along the hillsides in the northwestern part of the town-
ship. On wooded slopes, however, it may be entirely hidden beneath
talus, soil, and vegetation for considerable distances along its out-
crop. Its weathered surface is nearly everywhere a shade of brown-
ish red, although certain beds within it are gray in some localities.
The color on fresh fracture is ordinarily purplish gray, although this
characteristic is also rather variable.

The limestone is sandy, incloses lenses of shale, and is notably cross-
bedded where exposed near the middle of the west side of the town-
ship but is much more free from impurities farther north, where it
is commonly very dense, fine grained, and hard. Crinoid stems are
numerous in it everywhere, and a varied fauna is present in some
places. Its thickness ranges between 5 and 15 feet, decreasing irreg-
ularly from north to south.

At the north margin of the township the vertical distance between
the Avant and Dewey limestones is approximately 105 feet. This
interval increases toward the south and reaches a maximum of 145
feet in sec. 20. A corresponding southward convergence of the strata
above the Avant is also of considerable importance in detailed map-
ping. In sec. 18 there is a sandstone bed, thickly crowded with fossil
Fusulina, 86 feet above the Avant. Toward the north this interval
increases until, in sec. 5, this Fusulina-bearing sandstone is 135 feet
above the Avant. These two convergences so nearly compensate each
other that the Fusulina-bearing sandstone is approximately parallel
with the Dewey limestone, although neither is parallel with the inter-
mediate Avant limestone in this township. The outcrop of the Avant
i8 shown on the map (Pl. XVIII).

Dewey limestone.—The Dewey limestone is coarse grained, massive,
and highly fossiliferous and consists of alternating bands of gray and
brownish-red limestone. * It crops out at the foot of the same escarp-
ment as the Avant, but the exposures are not continuous, being in
many places concealed by a soil mantle. The Dewey limestone has
2 maximum thickness of about 12 feet, is immediately overlain by a
thick shale, and grades downward into a highly ferruginous nonresist-
ant sandstone. The outcrop of the Dewey is not shown on the map.

Sandstone benches below Dewey limestone.—Immediately below the
Dewey limestone and associated ferruginous sandstone is a group of
sandstone beds with a total thickness of 75 feet or more. The higher
beds of this group are flaggy, the lower part massive. The topmost
bench, which is 12 to 15 feet below the top of the Dewey limestone,
caps the higher hills in the central part of the township east of Shell
Creek. West of Shell Creek this upper sandstone bed is fossiliferous,
but throughout the greater part of the area no fossils were found. In
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a few places the overlying ferruginous sandstone is preserved, L
for the most part the horizon can be recognized only by the fact th
this is the highest sandstone east of the Dewey-Avant escarpment ax
by the interval to the next underlying bench.

The second distinctive bench below the Dewey, 20 feet below th
top bench, is formed by a typically massive sandstone and is in moe
places readily recognizable. Another prominent bench marking th
top of a lower sandstone of the group is 50 feet below the top bench
This sandstone also is a typically massive sandstone and in the south
ern part of the township is separated by shale from the massive sand-
stone above it. The horizon of the top bench in the northern part of
the township and the top of the lower bench in the southern part are
shown on the map (Pl. XVIII).

Shales and sandstones (delta deposits) above Hogshooter lime-
stone.—Below the group of sandstones described above is a thick series
of shale and sandstone which was deposited in the delta of & north-
ward-flowing stream. The series consists in greater part of shale
but includes a number of very prominent massive sandstone
which are, however, very lenticular and, at least for the most part
are foreset delta deposits, These deposits are well exposed in th
valleys of Turkey and Blackboy creeks and in the hills to the easf
The deltaic origin of the rocks is shown by the lenticularity of th
sandstone beds and by their generally northward dips, which do n¢
correspond with the structure of overlying and underlying rocks.

There is evidence of a very marked decrease in the thickness
these delta deposits from south to north. The logs of the wells-
secs. 28 and 24 show that the interval between the Dewey a
Hogshooter is 400 to 410 feet. In sec. 10 the interval is a little
about 375 feet. In T. 21 N., Rs. 11 and 12’ E., however, the cor
sponding interval is not over 260 feet. The sandstone beds of 1
series were studied and contoured in as much detail as exposures wg
permit and proved to be absolutely valueless for determining
underground structures. No structure contours, therefore, are she
in the area where these beds crop out.

Hogshooter limestone—The Hogshooter limestone crops out in
valley of Blackboy Creek in sec. 36. In this area it is a promir
bed, 12 to 20 feet thick, alternating gray and brick-red in color, t
bedded, and highly fossiliferous. The uppermost foot or two is ¢
posed largely of crinoid stems and contains numerous cup corals,

ROCKS NOT EXPOSED.

A study of well logs shows sandstone, shale, and limestone betwee
the surface beds and the productive oil and gas zones, with a gres
preponderance of shale. The wells of which detailed logs are avai
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able lie in the eastern part of the township, and of these logs four
have been selected to show the succession of beds below the surface.
(See Pl. XIX))

The Hogshooter limestone in each of the wells of which the logs are
shown on Plate XIX lies between 300 and 400 feet below the surface.
The first easily recognizable bed below the Hogshooter is a limestone
20 to 50 feet thick, usually called the Big lime by the drillers. It lies
from 730 to 760 feet below the Hogshooter, and the intervening rocks
consist very largely of shale with thin beds of limestone and some
sandstone; the sandstone is more prominent toward the south. Be-
low the Big lime is 130 to 150 feet of shale and then the “ Oswego
lime ” of the drillers, which is 40 to 50 feet thick.

Below the “Oswego ” is a series of shale with thin beds of sand-
stone and limestone 300 to 400 feet thick, below which in turn is the
series of sandstone beds that include the productive oil and gas zones
of the district.

The top of the productive sandy series lies 1,300 to 1,400 feet be-
low the Hogshooter limestone. The interval to the Avant limestone
is more variable because of the variation in thickness of the delta de-
posits described above and also because of the convergence between
the Dewey and Avant limestones. -

In the eastern part of the Osage country gas is commonly encoun-
tered in the upper part of the group of sands, and in places the
gas sand is separated from the underlying oil-bearing sands by a
varying interval of shale, but elsewhere the sands are continuous.
East of this area, in Tps. 20 and 21 N., R, 12 E,, the oil-bearing sands
aggregate 50 to 160 feet in thickness.

Any sand productive of oil in this zone is commonly called the
_ Bartlesville sand, but it may not be the same as the productive sand
at Bartlesville. There the productive sands lie about 1,350 feet be-
low the top of the Avant. In the Avant district these sands lie from
1360 to 1,440 feet below the top of the Avant limestone.? Thence
southward the interval gradually increases, and in the southern part
of T. 20 N., R. 11 E,, it is about 1,750 feet.

So far no oil has been found in the Bartlesville sand in this town-
ship, the production being obtained from a thin sand about 300 feet
below the top of the Bartlesville, commonly known as the Burgess
sand. This sand, which is only a few feet thick, rests immediately
on a massive limestone series which is called the “ Mississippi lime.”
One well (No. 28 in sec. 23; see Pl. XIX) has been drilled 450 feet
into the “ Mississippi lime,” disclosing two beds of sandstone. Else-
where in the Osage country sandstone beds in the “ Mississippi lime ”
have been productive of oil, and no anticline or dome in this town-

1 Emery, W. B, U. 8. Geol. Survey Bull. 686, p. 4, 1918 (Bull. 686-B).
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ship should be considered thoroughly tested until a well has been
drilled at least 400 feet into the * Mississippi lime.” The well in
sec. 23 is not favorably situated with regard to structure and probably
for this reason found no oil.

STRUCTURAL FEATURES.
AREAS OF FAVORABLE STRUCTURE.

This township is a part of a large region where the general dip
is westerly or northwesterly. The presence of an easterly dip is
therefore significant, for it indicates an upfold which may yield
commercial quantities of oil. The general westerly dip is accentuated
in a zone 1 to 1} miles wide extending across the central part of the
township from northeast to southwest. East of this is a zone of
open structure with two and possibly three folds that are very favor-
able for the accumulation of oil and also two or more which are
smaller. The structure of the eastern tier of sections is undeter-
mined. In the northwestern part of the township the general west-
erly dip is continued with small irregularities, one of which may be
of sufficient extent to serve as an oil reservoir. There is a little fault-
ing in the western part, but none in the remainder of the township.

The structure is shown on the map (Pl. XVIII) by 10-foot struc-
ture contours, which are based solely on surface data and are drawn
on a theoretical bed 400 feet below the top of the Dewey limestone.
The steep westerly dip shown in secs. 25 and 36 by dashed con-
tours is based on the Hogshooter limestone, the interval from the
Hogshooter to the Dewey being undetermined on account of the
presence of the delta deposits. The structure mapping based on the
Hogshooter is not correlated with that based on the higher beds.

The two most prominent upfolds in the township and the most
promising for oil lie at the east border of the region of steep west-
erly dip. The northern one is near the head of the westerly branch
of Turkey Creek, in secs. 10, 11, 14, and 15, and is called the Turkey
Creek dome. The southern one. in secs. 21, 22, 27, and 28, is near
Wimberley School and is called the Wimberley dome. Both lie along
the same anticlinal axis and have a gathering grouand extending to
the west for at least 3 or 4 miles.

The crest of the Turkey Creek anticline in the eastern part of
secs. 10 and 15 is outlined by the 570-foot contour. The 560-foot
contour almost surrounds the fold but does not close on the south.
This contour also outlines a small syncline east of the dome in
secs. 11 and 14. A much smaller dome, really a part of the larger
one, is outlined by'the 570-foot contour in the southeastern part of
sec. 15. The dip on the west side of the Turkey Creek dome is
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comparatively steep, but that on the east side is very gentle. The
probably productive area lies northwest, west, and southwest of the
crest of the dome, the gently dipping east flank being less promising.
A productive well recently drilled in the SE. } NE. } sec. 10, ap-
proximately on the 530-foot contour, some distance down on the
northwest flank, is particularly proxmsmg for future wells drilled
farther south on this dome.

The Wimberley dome is in most aspects very similar to the
Turkey Creek dome. It is kidney shaped in outline, and the high-
est part is at the north, nearly at the corner of secs. 21, 22, 27,
and 28. The greater part of the favorable structure occurs in sec.
28. The highest contour is the 580-foot, and the lowest one to
close is the 570-foot contour. The 560-foot contour outlines the
dome but does not close on the northeast. This contour partly
incloses a shallow syncline east of the dome, extending in a north-
easterly direction approximately along the valley of Euchee Creek.
No wells have been drilled on this dome, the nearest one being a dry
hole on Euchee Creek in the NE. } sec. 33, at the bottom of the
syncline on the east. The area of probably productive territory is
considerably larger in the Wimberley dome than in the Turkey Creek
dome and extends along the west flank of the dome from a point
near the center of sec. 21 southward across sec. 28. Two very favor-
able localities for a test well are shown on the map (Pl. XVIII)—
one on the west flank of the north end of the dome, nenr the south
line of sec. 21, and the other on the west flank of the south end, in
the SW. } sec. 28. The crest of the dome is more likely to produce
gas, and the east flank is unpromising.

The alinement of the Wimberley and Turkey Creek domes strongly
suggests the probability of a similar uplift in the northeastern part
of the township, in the valley of Turkey Creek. The structure in
this area, however, could not be contoured on account of the irregu-
larities in dip of the delta deposits which crop out there.

A small terrace in the eastern part of sec. 23 and the western part
of sec. 24 has been proved by three productive wells. This terrace
lies on the ridge extending eastward from the Greer farm in sec.
23, and could be only partly mapped on account of the presence of
the delta deposits. It is outlined by the 630-foot contour, but the
well drilled in the SE. } sec. 28 shows that oil in commercial
amounts may be expected as far west as the 620-foot contour. In
the western part of sec. 23 there is a slight easterly dip, but not
enough to make a closed contour. East of the center of this section
the normal westerly dip is resumed. The extent of the potentially
productive area toward the north can only be conjectured, because
the surface in that direction is occupied by the delta deposits, on
which structure contours can not be drawn.
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The steep westerly dip west of the Wimberley and Turkey Creek
line of anticlinal structure is interrupted by a small dome in sec. 29,
from which a long nose extends westward across sec. 30. On this
dome the 500-foot contour is the only one that is closed. The proba-
bly productive area lies in the central and western parts of sec. 29
and extends westward through sec. 30. The area has not been tested,
and favorable localities for test wells are shown on the map (Pl
XVIIT)—one on the northwest flank of the dome, north of the
center of sec. 29, and another on the westerly nose, near the center of
sec. 30. A terrace which lies mostly outside the Osage Reservation
extends northwestward into the SE. } sec. 31 and the SW. } sec. 32.
The extent of this terrace toward the south has not been mapped.
The most favorable locality for a test well on that part of it which
lies within the Osage Reservation is in the southeast corner of
sec. 31.

Most of the northwestern part of the township has a general west-
erly dip, with small irregularities which in general are not suggestive
. of valuable oil territory. One exception is a terrace that lies mostly
in the SE. } sec. 5 and is outlined by the 370-foot contour. The
probably productive area lies on the west flank of the terrace, in the
SW. 1 sec. 5 and the NW. } sec. 8. A long nose extends westward
from this terrace, the northern part of which has been cut off by a
fault. A favorable locality for a test well is on the west flank of
the terrace, near the south line of sec. 5.

AREAS OF UNFAVORABLE STRUCTURE.

Eastern Osage districts that have been thoroughly prospected show
that accumulations of oil occur generally on the western flanks of
the anticlines, domes, and terraces, extending from points near the
crest down the flank. The crest of a fold is more commonly gas
territory, and the east flank is generally unproductive. The shallow
syncline east of the Turkey Creek and Wimberley domes may there-
fore be considered as probably offering unfavorable structure. Simi-
larly a region of moderate uninterrupted westerly dip is generally
unproductive. The area from Euchee Creek eastward to the ridge
running north from Sand Springs and much of the northwestern
part of the township, with the exception of the terrace previously
described, have structure of this type and are therefore unpromis-
ing. The two dry holes shown on the map, in secs. 32 and 33, are
probably in as unfavorable locations as could be selected in the town-
ship.

P SAND CONDITIONS.

Very little is known of the sand conditions in T. 20 N,, R. 11 E.,
but this very important factor in the accumulation of oil and gas
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must not be overlooked. Farther east the productive sands are
known to be irregular both in thickness and texture. Little detailed
study of sand conditions in Osage County has been made by the
Survey, and only generalized statements can be presented. In a
region of general dip in one direction the thinning out of an oil-
bearing sand or a marked decrease in porosity in a direction opposite
to the dip may have as much influence on the accumulation of oil as
the structure. Thus the effect of the structure may be counteracted,
making areas of apparently good structure unproductive and caus-
ing accumulation where the attitude of the strata is not itself con-
ducive to the accumulation of oil. However, the oil in this region
does not occur in a single sand but in a number of sands extending
through a series several hundred feet in thickness, and it is improb-
able that in any anticlinal fold in this township unfavorable condi-
tions affect all the sands.
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T. 27 N, R. T E.
By K. C. Heavp.

INTRODUCTION.

T. 27 N,, R. T E,, is in the southeast corner of the Foraker quad-
rangle, Osage County. (See fig. 1.) This area was mapped by the
writer in 1915, and the geologic structure was described in a paper
published by the U. S. Geological Survey in 1916.1 Subsequent
work near the margin of this area revealed the necessity of some re-
vision, and during June, 1918, a few days were spent in procuring
data to make the necessary changes. The revision was confined to
territory near the south boundary of the township.

It may be noted that the structure contours along the south edge
of this area as shown on Plate XX do not exactly join with those in
the northeast corder of T. 26 N., R. 7 E., as shown on the map in
Bulletin 686-L. This discrepancy is not due to either observational
error or difference of opinion concerning the contouring, but rather
to the fact that the elevations on which the contouring for Plate
XX is based were referred to the Foraker limestone as a datum, and
those which control the contouring in Bulletin 686-L were referred
to a much lower horizon. Because of convergence the two datum
planes are not exactly parallel, and hence the contours show the
slight discrepancy mentioned above.

STRATIGRAPHY.

EXPOSED STRATA.

The exposed rocks in T. 27 N., R. 7 E,, include shales, limestones,
and sandstones of upper Pennsylvanian age. Shales predominate,
but the prominent outcrops of the limestones make them by far the
most noticeable. The sandstones are very inconspicuous except in
the southeast corner of the township. The general character and re-
lation of the beds are shown graphically in the stratigraphic section

1 Heald, K. C., The oil and gas geology of the Foraker quadrangle, Osage County, Okla.:
U. 8. Geol. Burvey Bull. 641, pp. 1747, 1916.
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(fig. 24). The characteristics of a few of the beds that were partic-
ularly helpful in determining the structure are given in detail below.
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Foraker limestone.—The Foraker limestone
is made up of a series of limestone beds with
thin intervening beds of shales and a few
local lentils of sandstone. * The total thickness
of the formation in this township is about
80 feet. The limestones are massive, dense,
hard, fossiliferous, and cherty and show a
weathered surface of light gray to seal-brown.
Most of the chert is reddish on the weathered
surface and pigeon-blue on the fresh surface
and carries an abundance of fossil Fusulina,
which are dull white to yellowish white. In
one bed about 26 feet below the top of the for-
mation most of the chert is decomposed and
presents a peculiar porous appearance. This
characteristic made the bed which carries this
decomposed chert of particular assistance in
determining the geologic structure. The
Foraker limestone covers a large part of T.
27 N,, R. 7 E., and much of the structure has
been determined from elevations taken on one
or another of its constituent beds.

Micaceous sandstone.—A micaceous sand-
stone about 28 feet below the base of the For-
aker limestone was used in determining the
structure over a part of this township. It is
a particularly good horizon marker, as there
is no other sandstone with which it might
possibly be confused for a considerable dis-
tance either above or below it. In the south-
ern part of the township there are lentils
of sandstone not far from the outcrop of the
micaceous sandstone, but the lithologic char-
acter of the micaceous sandstone is so dis-
tinctive that there is small chance of mis-
correlation. It has a reddish-gray weathered
surface and a fresh surface of slightly lighter
color thickly dotted with brown spots. Its
most distinctive feature is the presence of
muscovite, which in many localities is very
prominent and which can always be detected
if the rock is carefully examined.

The sandstone is well exposed on the hill
near the center of sec. 14, T. 27 N, R. T E,,
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where it crops out some distance below the top of the hill. The
sandstone that caps the hill is a lentil in the Foraker limestone above
the micaceous sandstone.

Stonebreaker limestone.—The Stonebreaker limestone was used as
the key bed in determining the shape and size of the anticline in the
extreme southeast corner of T. 27 N., R. 7 E. In that locality it is
about 250 feet below the base of the Foraker limestone. It is 16 feet
thick and consists of a series of thin limestone beds with intervening
shales. The limestone is hard, tough, and sparingly fossiliferous.
The most abundant fossils are small Fusulina, but one bed also car-
ries many Cryptozoa, most of which have a fragment of a bryozoan
as a nucleus. The weathered surface is light gray with many blotches
of limonite-yellow. This limestone has been described more fully .
by the writer in another paper.’

PENNSYLVANIAN ROCKS NOT EXPOSED.

Below the surface there is a series of about 2,500 feet of Pennsyl-
vanian rocks resting upon the Mississippian limestones. The exact
horizon where the Pennsylvanian rocks stop and the Mississippian
rocks begin has not been determined, although it is known that the
limestone called the “ Mississippi lime” by drillers is very near the
top of the Mississippian series. The general sequence of the beds is
shown graphically in Plate XX.

SANDS CARRYING OIL OR GAS.

No drilling has been done in T. 27 N., R. 7 E., but some idea of
the approximate position of the gas or oil bearing beds underlying
this township may be gained by a study of the records of the wells in
the Pearsons Switch gas and oil field, which lies less than a mile east
of the eastern boundary of the township. The assumption that the
oil and gas bearing sands of the Pearsons Switch field underlie the
township to the west is justified by the facts that the higher beds
have been recognized in the Mayers gas field, 5 miles to the southeast,
which shows that they have a considerable extent, and that the bed
which carries the oil at Pearsons Switch is believed to be the “ Mis-
sissippi lime” which is recognized in wells in many parts of the
Osage Reservation and which is probably the most widespread oil
and gas bearing bed in this general region.

Most of the gas in the Pearsons Switch field comes from a series
of six sands, the highest of which is about 630 feet below the Stone-
breaker limestone and the lowest about 420 feet lower. Below these
sands there is a series about 600 feet thick of barren shales and sand-
stones, and next a sand about 30 feet thick which is reported to carry

1Heald, K. C., Geologi¢ structure of the northwestern part of the Pawhuska quadrangle,
Okla.: U, 8. Geol. Burvey Bull. 691, pp. 63-84, 1918 (Bull. 601-C).
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gas but from which no gas has ever been utilized. Below this bed
no oil or gas bearing sands have been reported, but a bed of lime-
stone, which is probably the Fort Scott (“ Oswego”) limestone, about
_ 2,100.feet below the Stonebreaker limestone carries gas and has given
a showing of oil. About 400 feet deeper the top beds of the ¢ Missis-
sippi lime ” carry both oil and gas. Although only a single well has
been drilled to the “ Mississippi lime” in the Pearsons Switch field,
its initial flow of 400 barrels a day amply justifies a recommendation
that wells be bored to this horizon on all the pronounced anticlinal
folds in this general region.

The beds below the top of the “ Mississippi lime” have not been
reached by any of the wells that have been drilled within a few miles
- of T. 27 N., R. T E,, so it is impossible to state whether or not these
beds contain oil or gas. However, it is known that elsewhere in the
Osage Reservation beds from 100 to 300 feet below the top of the
“ Mississippi lime ” carry oil and gas, and tests in T. 2T N.,, R. T E.,
must reach these horizons to be adequate. '

STRUCTURE.
GENERAL FEATURES.

The rocks in T. 27 N., R. 7 E., have an average westerly dip of
about 33 feet to the mile. The beds do not slope uniformly but form
series of alternating “steeps” in which the westerly dip may be as
great as 120 feet to the mile and “ flats ” in which the rocks may even
slope to the east for a short distance.

The axes of the anticlines and domes which modify the general
structure are shown in figure 25.

ANTICLINES, DOMES, AND TERRACES.
DUGOUT CREEK ANTICLINB.

The axis of the Dugout Creek anticline trends southwestward from
the northwest corner of sec. 9 to the southwest corner of sec. 18.
(See fig. 25.) It is a gentle fold that plunges to the west with no
reversal of the westerly dip except for a very small domelike bulge
in the east-central part of sec. 18, which is probably too insignifi-
cant to have any effect on the tendency of the structure to bring about
an accumulation of oil or gas. Folds of this general type have not
been found very productive elsewhere in the Osage Reservation, al-
though small oil and gas wells have been developed on some of them.
It is recommended that no test holes be drilled on this anticline un-
less some of the structurally more favorable areas near by yield
either oil or gas in quantity. If a well is sunk on this anticline a good
location should be near the SE. } SE. } sec. 7.
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NORTH BIRD CREEK ANTICLINE.

The axis of the North Bird Creek anticline extends from the NE. }
sec. 11 to a point near the center of the NW. } sec. 20. (See fig. 25.)
The fold is long and relatively narrow, and the rocks along the axis
plunge westward with no hint of a reversal of dip. On the flanks of
the fold the beds dip rather steeply to the northwest and southeast;
and on the tip in sec. 20 there is a very pronounced westerly dip.

Although this is a prominent fold the absence of any closure or
dip to the east makes it seem rather improbable that it has been
effective in produc- »
ing the formation
of a large pool of 6
either oil or gas.
However, it is cer- -
tainly better suited .
to have brought T A ° o ay N
about such an accu- ‘;f’ 9 }
mulation than the oo%% 17 6 e e 3
territory immedi- | L >/®
ately to the north e
or south of it; ac- 9 20 21 22 23 24
cordingly, if any :
area near by whose ,
structure appears 30 29 |28 27 26 25
more favorable o
yields gas or petro- S/
leum, it will be per- a E| as 2
fectly justifiable to 32
make careful tests
of this fold. Good

locations for such
tests are the SW. * Fieurs 25.—8ketch showing approximate positions of axes of

. anticlinal folds in T. 27 N., R. 7 E.
SW. } sec. 11 and

extreme southwest corner of sec. 15. A test might also be made in the
E. } sec. 20. If oil or gas is not found in the shallow sands which are
productive at Pearsons Switch and should here lie between 950 and
1,450 feet below the surface, the wells should be deepened to the
“ Mississippi lime ” and should not be abandoned until a depth of at
least 3,000 feet is attained, unless oil or gas is encountered at shallower

depth.

36

POTATO CREEK ANTICLINE.

The axis of the Potato Creek anticline extends from a point near
the southwest corner of sec. 32 to the middle of sec. 28, T. 27 N.,
R. 7T E. (See fig. 26.) On this axis there are two minor domelike
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bulges—one in the SW. } sec. 32, the other in the SW. } sec. 28—so
that the top of the anticline has a sway-backed profile, being highest
near the ends. The dome in the SW. } sec. 32 is more pronounced and
has a closure of about 15 fcet. The closure on the dome in sec. 28 is
probably a little less than 10 feet.

In spite of its small closure this anticline should be effective in
stopping the migration of oil or gas, and if these substances are
present at all in this region they should be found below this fold.
Dips on all sides of the fold are pronounced, and any oil or gas
moving up the dip would have to traverse the length of the anticline
and pass through a very narrow neck at the north end of the fold
to escape toward the northeast. The area which may be favorably
affected by the structural conditions on this fold exceeds 2 square
miles.

No drilling has been done nearer this fold than the Pearsons
Switch field, which is some 7 miles distant, so that it is impossible to
do more than guess at the conditions below the surface at this locality.
If the productive sands of the Pearsons Switch field are present
here, a well drilled on the top of the highest point of the fold in the
SW. } sec. 32 should encounter gas sands between 1,000 and 1,400
feet below the surface. The Fort Scott limestone should lie at a
depth of about 2,360 feet, and the oil-bearing bed on the top of the
“ Mississippi lime ” at about 2,800 feet.

Good locations for test wells on the Potato Creek anticline are
near the center of the SW. 1 SW. 1sec. 32 and in the extreme southeast
corner of sec. 29. The wells should be bored at least 3,000 feet unless
oil or gas in paying quantity is found at a shallower depth.

WHITEFACE DOME.

The crown of the Whiteface dome lies in the SE. } sec. 85, and
the flanks of the dome cover most of sec. 35 and the SW. } sec. 36,
T.27 N.,,R. TE., and most of sec. 2, T. 26 N,, R. TE. (See fig. 25 and
Pl. XX.) This is a pronounced fold with a closure of about 25
feet and it may influence the accumulation of oil or gas over 2 square
miles or more.

The Whiteface dome is but 3 miles from the Pearsons Switch anti-
cline, which is known to contain large volumes of gas and oil. The
closure of the Whiteface dome is almost as great as that of the
Pearsons Switch anticline, and the areas covered by the two folds are
about the same. Accordingly it seems reasonable to believe that this
dome will yield both gas and oil. There is ample gathering ground
to the northwest, west, and south of the dome, and from this gather-
ing ground the oil and gas may be expected to travel up the steep
westerly dip and collect under the crown of the dome and on its
flanks. The shallow sands that yield gas in the Pearsons Switch
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field should underlie the crown of the Whiteface dome at a depth
of 680 to 1,200 feet. The Fort Scott limestone should be encountered
at a little more than 2,100 feet, and the top of the “ Mississippi lime ”
at about 2,500 feet. Besides the sands mentioned there may also be
productive sands at greater depth, and the possibilities of the White-
face dome should not be considered exhausted until deep drilling
has established the presence or absence of these lower beds.

Good locations for testing this dome are the southwest corner of
the SE. } and the center of the SW. } sec. 35, T. 27 N, R. 7 E., and
the southeast corner of the NW. } sec. 2, T. 26 N, R. T E. A well
drilled at any of these locations should not be abandoned until a
depth of at least 2,700 feet is attained, unless oil or gas is encountered
at less depth.
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TPS. 24, 25, AND 26 N., RS. 6 AND 7 E.; TPS. 25 AND 26 N,,
R.5E.; T. 26 N,, R. 4 E.

By C. F. Bowen.

STRATIGRAPHY.
EXPOSED ROCKS.

GENERAL FEATURES.

The rocks exposed in Tps. 24, 25, and 26 N., Rs. 6 and 7 E.;
Tps. 25 and 26 N,, R. 5 E.; and T. 26 N, R. 4 E. (see fig. 1), are
illustrated graphically in the columnar section on Plate XXII. They
have an aggregate thickness of about 1,100 feet and are of upper
Pennsylvanian and lower Permian age. They consist of numerous
beds of limestone, ranging in thickness from a few inches to 15 feet
or more, interstratified with beds of sandstone and shale. The
sandstones are thicker and more. numerous in the upper and lower
portions of the section than in the middle, and many of them are
lenticular, wedging out toward the north. Above the Neva lime-
stone all the rocks except the limestones are red; below the Neva
more somber colors predominate, though some of the shales have
reddish hues. The limestones are of the greatest aid in working
out the structure of the region, hence the most prominent and char-
acteristic of them will be described, but no detailed description of the
stratigraphy as a whole will be given.

KEY BEDS.

Bird Creek limestone.—The Bird Creek limestone is the lowest
one exposed over any considerable part of the area. It is a dense,
fine-grained noncrystalline rock about 4 feet thick. On the fresh
surface it is commonly lead-gray to black and weathers to a dirty
buff or yellow. When struck with the hammer it breaks along bed-
ding pianes with comparatively smooth surfaces. It contains fossils
of a few species but they aresnot abundant. It is hard and seems
fairly resistant to erosion but does not produce a marked topo-

137
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graphic effect in this area. It was named by Heald® from exposures
on Bird Creek, in T. 27 N, R. 8 E.

Cryptozoon-bearing limestone.—The Cryptozoon-bearing limestone
is about 80 feet above the Bird Creek limestone. It is a compact
noncrystalline black limestone, overlain in the southern part of the
area by a bed which weathers yellow. It is distinguished from the
Bird Creek limestone and others which it resembles lithologically by
the presence of fossil Cryptozoa and Fusulina. In places the Cryp-
tozoa are rather scarce, but they can generally be found by making
a careful search, especially if the outcrop of the bed is followed for
some distance. As a rule the outcrop of the bed does not produce
conspicuous topographic features, and in many places it is concealed
by wash, but it is an extremely valuable key bed because of the cer-
tainty with which it can generally be recognized.

Stonebreaker limestone—The Stonebreaker consists of three or
more beds of limestone separated by shale and sandstone, the whole
having a thickness of 30 to 40 feet. The middle bed of limestone is
the most distinctive bed of the division., It is a finely crystalline
gray to brownish ferruginous limestone which weathers to a brownish
color, In the northern part of the area the upper part of this bed is
marked by a layer or discontinuous masses of rock which weathers
to a deep limonitic brown and contains Cryptozoa, a few Fusulina,
and fragments of other fossils. In the southern part of the area the
limonitic color is not so constant and may appear at other horizons
than the top of the bed ; the Cryptozoa decrease in number and promi-
nence and the Fusulina greatly increase, so that they become the most
characteristic fossils.

The upper bed of limestone is a gray to drab crystalline rock, 4
or 5 feet thick, containing an abundance of comminuted fossil re-
mains and in the southern part of the area some small Fuswlina. It
is distinguished from the middle bed by the absence of Cryptozoa,
the smaller size of the contained Fusulina, and the general absence
of limonitic color, through locally it is strongly limonitized. The
sandstones above the Stonebreaker as a rule form rather prominent
ridges or scarps, which constitute a valuable guide in following the
limestones.

Grayhorse limestone.—The Grayhorse limestone is named from its
excellent, exposure on the crest of the Little Grayhorse anticline, in
the NW. 1 sec. 11, T. 24 N., R. 6 E. Tt is also well exhibited in the
high point in the NE. } sec. 33, T. 26 N., R. 7 E., in the upper part
of the drainage basin of Clear Creek, and is one of the most distinc-
tive key rocks in the area herein described. It is a dark brownish-
gray crystalline conglomeratic limestone, commonly about 2 feet

1 Heald, K. C., report on T. 27 N,, R. 8 E,, in preparation to form a part of Bulletin 688,
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thick but locally as much as 4 feet thick. It contains numerous small
pebbles ranging in size from mere grains to pebbles as large as a
large pea, which weather to a dirty-white color and give the weath-
ered surface of the rock a mottled appearance. In most places it
ilso contains numerous large fossils of the species Myalina subquad-
rata, some of which are 3 or 4 inches in their longest dimension.
Where it crops out on steep slopes the bed breaks off in large slabs,
s much as 10 feet across, which strew the slope below. The bed is so
distinctive that after having once been identified it is generally recog-
nized without difficulty, and it is therefore a valuable key bed.

Foraker limestone—The Foraker limestone comprises several beds
of limestone interstratified with shale and some sandstone, having an
aggregate thickness of about 100 feet. The limestones are character-
ized by an abundance of Fusulina throughout and few other dis-
tinguishable fossils. For convenience of description the formation
may be separated into three divisions.

The lower division consists of two thin limestones overlain by
45 feet of shale and sandstone, the beds of which increase in number
and thickness toward the south. Because of their thinness and litho-
logic uniformity the limestones at the base of this division constitute
valuable key beds. The lower bed is about 2 feet thick, has a gray
tolor when fresh, weathers to yellow or light brown, and in addition
to Fusulina contains locally brachiopods, Myalina, and other fossils,
The upper of these two beds is separated from the lower by 5 to 8
feet of shale. The limestone is about 1 foot thick, is dense and fine
grained, has a dark-gray to black color, and contains small Fusulina.
These beds are resistant to erosion and are commonly well exposed,
notwithstanding the fact that they crop out at the base of a steep
slope.

The middle division of the Foraker consists of a limestone about
2to 5 feet thick overlain by 15 feet of shale. The lower part of the
limestone is dense, fine grained, and black and contains medium-sized
Fusulina which exhibit a pale flesh color on a freshly broken surface.
Overlying this is a somewhat limonitic bed that weathers yellow
or light brown. In the southern part of the area this limestone is
directly overlain by a sandstone which thins toward the north and
west and is absent or very thin in T. 26 N.

The upper division consists of three or more limestones separated
by thin beds of shale. The limestones are gray to white, and those
it the top weather light yellow in the southern part of the area.
They are all thickly crowded with large Fusulina. In T. 28 N. one
of the limestone beds about the middle of this upper division contains
2 large amount of chert nodules which on the fresh surface exhibit a
pale blue color and are inset with numerous large white Fusulina.
This chert is almost entirely absent south of the boundary between
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Tps. 25 and 26 N. The limestones of this upper division produce a
broad sloping surface which terminates on the east in a sharp rim
Or 8CArp.

Red Eagle limestone.—The Red Eagle limestone is a gray crystal-
line limestone ranging from 12 to 25 feet in thickness. In some
places pdrts of the bed are slightly limonitic and weather yellow.
Where thickest the Red Eagle consists of several beds of limestone
separated by beds of shale. In other places the shale seems to be
absent. In such places only the upper part of the bed is commonly
exposed, but its entire thickness seems to be about 10 or 12 feet. The
limestone contains few if any fossils and because of its changeable
thickness is not a good key bed.

Neva limestone—The Neva limestone as here identified comprises
four thin beds of limestone separated by beds of gray shale. A com-
piled section measured in the vicinity of Burbank is as follows:

Section of Neva limestone near Burbank.

Feet.
Limestone, gray, somewhat cherty, soluble; chert commonly
lying loose on the surface_______ . ________ 2
Shale oo 6
Limestone, gray, containing large nodules of chert; both
chert and limestone full of large Fusulina. Chert nodules
white on freshly broken surface; weather brown with
a sandy appearance. These nodules strew the surface
so thickly that wheeling over them is difficult__________ 2
Shale ___ - e ————— e 8
Limestone, gray; weathers white; contalns no fossils or
chert ; weathers into large, thin, sharp-edged slabs; forms
prominent rim o e 4
Shale e 12
Limestone, dense, noncrystalline; has straw-yellow color
streaked with maroon; contains pelecypods; rarely well
exposed ____ e 2%
364

Cottonwood limestone.—The Cottonwood lies about 80 feet above
the Neva and is a light-gray to whiteccrystalline limestone. Thelower
part is slightly conglomeratic or oolitic in some places, but this fea-
ture does not seem to be constant. In some places Fusulina occur in
the upper part of the bed and gastropods and other fossils in the
lower part. The bed is 4} feet thick in a cut on the Atchison,
Topeka & Santa Fe Railway in sec. 9, T. 26 N,, R. 5 E.

Crouse limestone.—The Crouse limestone is about 130 feet above
the Cottonwood. In its most common aspect it is a light-gray thin-
bedded, ledge-making limestone, 6 to 13 feet thick. Large massive
buff blocks as much as 12 or 15 feet in length and comprising the
entire thickness of the bed replace the bedded mass at short intervals
along the outcrop. The limestone is very porous, both in vertical
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faces and in its flat upper surface, where large cylindrical holes, ver-
tical or nearly so, are very numerous. In some places a bed near the
top 18 literally filled with small Foraminifera. Here and there also
the lower 2 or 3 feet of the bed is finely and abundantly conglom-
eratic, but this feature is not common.

Wreford limestone—The term Wreford is here applied to two
limestones separated by about 20 feet of sandstone and shale, lying
about 92 feet above the Crouse. The upper limestone may belong to
the Fort Riley, but not enough work has yet been done by the writer
to determine this point. The lower limestone is a bedded limestone
about 8 or 10 feet thick, of which only the upper 4 or 5 feet is com-
monly exposed. At the base it is light brown; above the basal part
it is gray with a slight buff tinge, weathers into large. slabs, and
forms broad sloping terraces that terminate along drainage lines or
slong its eastern front in a high ledge or scarp. The upper lime-
stone consists of a lower yellow fossiliferous bed about 2 feet thick,
overlain by a bed of cellular light-gray crystalling rock. One pe-
culiar feature in this area is that no chert was seen associated with .
either of the limestone beds referred to the Wreford, although chert
is characteristic of it in all other localities where it has been studied.

UNEXPOSED ROCKS.
STRATIGRAPHIC RELATIONS,

The rocks not exposed at the surface which have been penetrated
by the drill in or adjacent to the western part of the Osage Reserva-
tion are shown in Plate XXI. Of the five well records shown, only
one of them represents a well drilled within the area under con-
sideration. The relation of the productive sands and of the “Oswego
lime” and “ Mississippi lime” to the key beds of the exposed rocks,
as indicated by a comparison of the well logs and the columnar sec-
tion of exposed rocks, is shown in tabular form below. The figures
given are of course only approximations, based on the assumption
that the intervals between the beds remain constant.

Intervals, estimated to nearest 50 feet, between key beds at surface and
important beds not erposed.

0« ¢ Missis-

Koy bed. » I;;t({m Cleveland 1(1);::%0 alppi

. sand. : lime.”
2,500 { 2,650-2, 800 3,000 3,800
2,400 { 2,550-2,700 2.900 3, 500
2,250 | 2,400-2,550 2,750 3,350
2,150 | 2,300-2,450 2,650 3.250
2,100 | 2,350-2,400 2,600 3,200
1,95 | 2,100-2,250 2,450 3,050
1,850 | 2,000-3,150 2,350 2,950
1,700 | 1,850-2,000 2,200 2, 800
1,600 | 1,750-1,900 2,100 2,700
1,500 | 1,650-1,800 2, 000 2,600
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This table gives an idea of the depth at which the productive sands
of the Cleveland pool, to the southeast, and of deeper sands in other
productive fields in Oklahoma should be reached in any particular
part of the area discussed. This statement assumes, of course, that
these sands extend across the “ western Osage,” an assumption which
has not been verified but which seems to be borne out by the well
records in adjacent territory on the east, south, and west.

OIL AND. GAS BEARING BEDS.

In the Cleveland pool, in T. 21 N., R. 8 E., oil is found in the Lay-
ton, Cleveland, Bartlesville, and. Tucker sands. The Bartlesville lies
at a depth of 575 to 675 feet below the Cleveland, and the Tucker at
200 to 300 feet below the Bartlesville. In the Pawhuska quadrangle,
in the eastern part of Osage County, oil and gas are obtained at two
or more horizons in the “ Mississippi lime,” also in the Bartlesville
(here including the Tucker sand), the “ Oswego lime,” sands between
the “Oswego” and Big limes, the Big lime, and a sand about 100
. feet above the Big lime. It is reasonably certain that some of these
sands underlie the “ western. Osage,” and the inference is warranted
that oil and gas will be found in them where structural and other
conditions favor accumulation. The Ponca City field obtains its oil
and gas from shallow sands, most of which are exposed in the “ west-
ern Osage.” The probable relation of these sands to the key beds
described in this report is shown in columns 6 and 7 of Plate XXI.
It is probable that some of these shallow sands also contain oil and
gas in the western part of the Osage Reservation in areas suffi-
ciently removed from the outcrop of the sands.

STRUCTURE.
GENERAL FEATURES.

The rocks in. the area described show an average westward dip of
about 35 feet to the mile, or a little less than half a.degree. The
westward dip is more constant here than in the eastern part of the
Osage Reservation, and there are fewer deviations from the general
regional structure and consequently fewer anticlines and domes.

Because of this regional westward dip, the rocks that form the
surface are successively younger and higher stratigraphically toward
the west. For this reason the rocks that appear at the surface in the
“ western Osage” have been eroded from most of the Pawhuska
quadrangle and areas farther east, and conversely the surface rocks
in those areas lie below the surface of the “ western Osage” and are
not open to inspection. The convergences which are known to
occur between these lower rocks in the Pawhuska quadrangle there-
fore can not be taken into account in the western region, and the
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higher the position of the surface beds in the geologic column the
more widely may they depart from parallelism with the rocks below,
especially those which, like the “ Oswego lime” and “ Mississippi
lime,” lie at depths ranging between 2,000 and 3,600 feet. This
feature precludes the possibility of matching structure contours that
are drawn on widely separated reference horizons. Some discrep-
ancy appears in the contours drawn along the common margin be-
tween the area herein described and the Pawhuska quadrangle or
“eastern Osage.” This same lack of parallelism between beds also
makes difficult the correlation of beds encountered in drilling over
wide areas. The correlations shown on Plate XXI are therefore
suggestive and tentative rather than conclusive, but they are based
on a careful study of the columnar sections of rocks exposed in both
the western and eastern Osage and a comparison of these sections
with the logs of wells whose approximate surface horizons are known.

The correlation of the Ponca City sands with the stratigraphic
section of the western part of the Osage Reservation, as shown in
Plate XXI, is slightly different. from that suggested by Ohern and
Garrett.! The correlation here given indicates that the 500-foot sand
of the Ponca City field is probably equivalent to one of the sands
associated with the Cottonwood limestone; that the “ fourth sand ” is
probably equivalent to the sandstone above the Stonebreaker lime-
stone which crops out about 4 to 6 miles west of Fairfax; and that
the lowest productive sand is at approximately the same position as
the Elgin sandstone. On this basis the deep sand in the well on the
101 ranch, in the Ponca City field, is probably the equivalent of the
Layton instead of the Cleveland sand of the Cleveland field.

The structure contours shown on Plates XXII and XXIII are
drawn on the Bird Creek limestone. In the following pages anti-
clines and domes are described by ranges from east to west.

ANTICLINES AND DOMES.
R.7TE.

Little Chief terrace—The Little Chief terrace occupies most of
sec. 16, T. 26 N., R. 7 E. Its upper surface is about three-quarters
of a mile wide and slopes very gently to the west. East of the flat
or terrace the westward dip amounts to about 40 feet in the first mile
and a half; on the west the rocks dip about 35 feet in the first half
mile. The base of the Foraker limestone crops out in a north-south
direction across the surface of the terrace, and along this line of
outcrop the depths to the “ Oswego lime ” and the “ Mississippi lime ”
are estimated to be 2,450 feet and 2,950 to 3,050 feet, respectively.
Terraces of this character are commonly considered Jess favorable

10hern, D. W, and Garrett, R. E., The Ponca City oil and gas fleld : Qklahoma Geol.
Survey Bull. 16, p. 27, 1912,
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for the accumulation of oil and gas than anticlines or domes and are
therefore not recommended as places for initial tests in unexplored
territory. A large, well-defined terrace may, however, furnish as
favorable conditions as an anticlinal “nose” that has no eastward -
dip or reversal. If the domes near by are found to contain oil and
gas, this terrace would offer the next best chance in the immediate
vicinity. Probably the best place for a test well on this terrace is
part way down the west slope, and therefore the center of the
NW. } sec. 16 and a point about 1,500 feet north and 500 feet east
from the southwest corner of the section are recommended as favor-
able places for testing the terrace in the event that oil or gas are
found in the more favorable domes near by.

Upper Little Chief dome.—The Upper Little Chief dome occu-
pies parts of secs. 19, 20, 29, and 30, T. 26 N., and covers an area
of nearly 2 square miles. It has an east closure of 20 feet over
an area of nearly half a square mile. The crest of the dome lies a
few hundred feet about due south of the north quarter corner of
sec. 29. The dips in all directions are relatively gentle. The sur-
face rock is a thin limestone about 30 feet below the base of the
Foraker limestone. The “Oswego lime” is therefore estimated to
lie at a depth of about 2,400 feet and the “ Mississippi lime ” at about
3,000